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CORRKCTION. 

Ik  article  29.  B,  page  34,  when  treating  of  the  great  augmeiitation  of  the  friction  o£ 
cor^s  coiled  round  cjrlinders,  it  is  affirmed  that  V  the  practical  result  difiers  only  inM 
*mdU  degree  from  this  result  of  an  assumed  theory."  But  the  assertion  must  be  greatly 
modified^  Mr.  B.  Bevauy  an  ingenious  and  scientific  engineer,  has  subjected  the  point 
to  the  test  of  experiment,  and  his  results  have  been  published  in  the  Mechanic's  Ma^ 
ffozkie,  as  below : — 

J  St.  He  took  a  cord  of^92  feet  to  the  pound,  to  which  he  attached  a  weight  of  one 
poui^  and  applied  it  to  a  cylinder  of  dfy  ash-wood,  turned  in  a  lathe  1'75  inches' 
diameter,  and  ascertained  the  force  of  traction  necessary  to  raise  this  single  pound 
weight,  and  found  when  the  cord  was  in  contact  with  half  the  drcumfereoce  of  the 
cylinder,  the  force  required  was  -         ...    2  lbs. 

at  one  and  a  half  turns      -        -        13 

at  two  and  a  half  -        .'       31 

at  ^hree  and  a  half  ^        '        66 


m 


▼Ml  COHBECTION. 

2nd.  H«then  tried,  upon  the  same  ash  cylinder,  another  line,  very  flexible,  of  92  feet 
to  the  pound,  loaded  wiih  one  pound,  as  before,  and  the  force  of  traction  observed  was, 
At  half  a  turn  ...  2^  lbs. 

one  and  a  half  turns  -.10 
two  and  a  half  .  -  •  -  30 
three  and  a  half     -        -        -        83 

3d.  He  next  took  the  line  of  92  feet  to  the  pound,  loaded  with  one  pound,  upon  a 
cylinder  of  cast  iron,  rough  from  the  foundry,  of  4*5  inches  diameter,  and  found  the 
traction  to  bci 

At  half  a  turn  ...  6  lbs. 

one  and  a  half  .  -        -        -        98 

4tb.  Applied  the  saipe  line  tp  a  cylinder  of  cast  iron,  turned  but  not  polished,  of  one 
inch  diameter,  and  found  the  traction  to  be, 

At  half  a  turn         .....         2^  lbs.  ~ 
one  and  a  half        ...  8 

two  and  a  half        -         •        -         23 
three  and  a  half      ...        56 

.Sth.  Upon  the  same  cylindej  he  tried  a  new  st^  cord  of  114  feet  to  the  pound, 
and  found  the  traction, 

At  half  a  turn         -   •      ....  2  lbs. 

one  and  a  half         ...  6 

two  and  a  half        -        •        -        20 
three  and  a  half       ...        39 

6th.  flis  next  escperiment  was  upon  a  glass  cinder,  of  •95  inch  diameter,  with  the 
above-named,^'«6fe  line  of  92  feet  to  the  pound,  and  found  the  traction, 

At  half  a  turn  ...  1^  lbs. 

one  and  a  half         -        -        -       -   3 
two  and  a' half         r        -         -  •       5^ 
three  and  a  half       -        «'       .        13 

-  7th.  Upon  a  glass  cylinder  of '95  inch  diameter  (as  in  experiment  6th),  he  used  th9 
stiff  cord  employed  in  experiment  5th,  and  found  the  traction, 

At  tialf  a  turn  ...  i^.  lbs. 

one  and  a  half         ...  2^ 

two  and  a*  half    "...  "4  " 

three  and  a  half     ' .         .         .  6^ 

four  and  a  half         -        -        -         1 1 

8th.  He  then  applied  the  line  used  in  experiment  2nd  to  a  glass  cylinder  of  four  inches 
diameter,  loaded  with  the  same  constant  weight  of  one  pound,  and  found  the  traction, 

At  half  a  turn  ...  I  j;  lbs. 

one  and  a  half        ...  4 

two  and  a  half        ...  9 


piece , — o 

hung,  at  the  other  end  the  weights  required  just  to  produce  motion  were, 

At  half  a  turn  -        .        •  9|lbs. 

one  and  a  half        ...         14 
two  and  a  half        -        ^         -        29^ 
three  and  a  half      -        •        -        84 
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MECHANICS. 


REMARKS  ON  MACHINERY  IN  GENERAL. 

1.  Mechanics,  according  to  the  oii^nal  import  of  the  word» 
treats  of  the  energy  of  Machines:  and  these  machines  are 
nothing  aKN*e  than  organa^  or  tools,  interposed  between  the 
workman,  or  natural  agent,  and  the  task  to  be  accomplished, 
in  order  to  render  that  work  capable  of  beinc  performed,  which 
under  the  limits  and  circumstances  proposed  would  have  been 
difiScult,  if  not  impossible,  without  the  mtenrentioQ  of  some  of 
these  contrivanoes. 

Machines  are  interposed,  as  was  remarked  (art.  879.  vol.  I.), 
chiefly  for  three  reasons,  !•  To  accommodate  the  direction  of 
the  moving  force,  to  that  of  the  refiistance  which  is  to  be  over- 
come. S.  To  render  a  power  which  has  a  fixed  and  certain 
vdodty  eflScatnous  in  performing  work  with  a  difPerent  velocity. 
8.  To  enable  a  natural  power,  having  a  certain  determinate 
intensity,  to  balance  or  to  overcome  another  power  or  obstacle, 
whose  intensity  or  resistance  is  greater.  Each  of  these  purposes 
may  be  accomplished  in  different  ways :  it  e,  either  by  macnines 
which  have  a  modon  round  some  fixed  and  supported  point, 
as  the  lever,  the  pulley,  and  the  wheel  and  axle ;  or  by  those 
which,  instead  of  being  supported  by  a  fixed  point,  about  which 
they  move,  furnish  to  the  renstance,  or  boay  to  be  moved,  a 
solid  path>  along  which  it  is  impelled,  as  the  inclined  plane,  the 
wedge,  and  the  screw.  ^  Compound  machines  are  peculiar  com- 
binations of  these  six,  of  which  we  have  treated  individually  in 
the  first  book  of  our  first  volume :  some  remarks  likewise  upon 
thdr  combination  have  been  given  in  Bok)k  I.  Chap.  IV.  art. 
161.  and  Book  II.  Chap.  V f.  And  we  have  treated  of  the 
strength  of  the  materials  of  which  machines  may  be  composed, 
in  Book  I.  Chap.  V.  Such  farther  observations  as  appear  ne- 
cessary to  con^dete  a  theoretical  and  practical  knowledge  of 
BiaehiQerv  in  general,  previous  to  our  alphabetical  description 
of  particular  machiQes,  will  now  be  presented  to  the  student. 
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2.  Simplicity  in  the  construction  of  machines  cannot  be  too 
warmly  recommended  to  the  young  engineer :  for  multiplicity 
of  parts  and  of  motions  increases  the  expense  of  erection,  aug- 
ments the  friction,  and  multiplies  the  danger  of  fmlure  by  the 
bending  or  by  the  inaccurate  adjustment  of  the  parts.  In 
consequence  of  the  effects  of  friction  (of  which  we  shall  speak 
more  fully,  art.  S4,  &c.),  it  is  well  known  to  all  engaged  in  the 

iiractice  of  mechanics,  that  by  no  combination  of  wheels,  or 
evers,  or  other  powers,  can  one  weight  be  made  to  move  an- 
other with  a  greater  or  even  an  equtd  momentum :  and  by  the 
multiplication  of  wheels,  levers,  &c.  the  effect  of  the  machine, 
instead  of  bein^  increased,  i$  diminished  in  proportion  to  the 
augmented  friction  of  the  moving  parts.  Hence  it  follows  that, 
in  practice,  effect  is  lost  by  mechanical  combination,  but  gained 
by  simplification ;  and  that  the  most  perfect  machine  is  that 
which  operates  by  the  fewest  moving  parts.  In  order  to  con- 
trive a  simple  machine  to  be  theoretically  equivalent  in  power 
to  a  complex  one,  the  following  rule  may  be  observed :  Con- 
struct the  various  parts  of  the  simpler  machine  so  that  the  ve- 
locity of  the  impelled  point  (art.  365.)  shall  be  to  that  of  the 
working  point,  m  the  same  ratio  as  they  are  in  the  compound 
machine ;  then  will  the  effects  of  these  two  machines  be  the 
same,  so  far  as  depends  upon  pure  theory :  but  in  practice  the 
simpler  will  be  the  more  efBcacious,  in  consequence  of  the  di- 
minution of  friction. 

3.  For  an  example,  suppose  the  compound  machine,  fig.  I. 
pi.  II.  were  to  be  proposea,  in  order  that  a  more  simple  one 
might  be  constructed  to  peiform  the  same  work.  Let  ca,  the 
lever  to  which  the  power  is  applied,  be  10* feet,  de  5  feet  in 
diameter,  ef  =:  S  feet,  hi  z=  8  feet,  gh  =  5  feet,  and  kl  rz 
1  foot,  the  latter  being  the  cylinder  on  which  the  rope  raising 
the  weight  w  folds.  Now  the  diameter  of  the  eirde  described 
b^  the  power  at  a  is  ^  feet :  and  to  find  the  diameter  of  the 
circle  whose  circumference  is  equal  to  the  space  passed  over  by 
w  in  one  revoluUon  of  the  lever  oa,  reduce  the  following  frac- 
tion, viz.  ~^x  —x  ^  =  ^xix  i  =  ^of  2ac;  conste- 

fluently  the  velocity  of  the  weight  is  ^?y  of  that  of  the  powcfr. 
And  hence,  if  upon  the  vertical  axis  cm  (fig.  S.  pL  II.)  a  wheel 
be  fixed,  the  diameter  kl  of  which  is  equal  to  4f  feet  (that  is, 
^  of  £ac),  the  weight  w  will  be  rinsed  the  same  height  by' the 
^mple  as  by  the  compound  machine,  at  every  revolution  of  the 
power  A.  So  that,  tne  simple  machine  KtjAkly  will  be  at  least 
eoual  in  effect  to  the  compound  one  acmdbfghikl,  and  the 
wheels  be,  ef,  gh,  hi,  ana  xi.,  are  ^traneous,  and  probably 
prejudicial. 
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,  4.  For  apother  example  take  the  following.  In  the  cominon 
wheel  and  axle,  the  advantage  gained  is  in  the  ratio  of  the  radius 
of  the  winch  to  that  of  tlie  barrel :  so  that  when  it  is  proposed  to 
increase  that  advantage^  either  the  handle  must  be  lengthenedy 
or  the  diameter  of  the  axle  diminished ;  neither  of  which,  how- 
ever, is  practicable  beyond  certain  limits,  because  the  ;bandle 
might  be  too  long  for  convenient  management,  or  the  axle  tpp 
slender  to  support  the  load :  in  such  cases  it  is  usual  to  aniue^ 
another  wheel  or  pinion,  or  a  tackle  of  pulleys.  But  the  fol- 
lowing construction  is  ^eatly  preferable.  In  fig.  7.  .pl.;I.  tlie 
part  A  of  the  b^rel  is  larger  than  the  part  b,  and  the  ro{ie 
which  passes  under  the  pulley  c  and  sustains  the  weight  n  13 
wound  upon  each  in  contrary,  directions.  Whenever,  therefore, 
the  handle  ef  is  turned,  so  fis  to  ^ather.the  rope  qpon  the  larger 
cylinder,  it  will  be  given  off  by  tqe  smaller :  and  for  every  turn 
of  the  larger,  or  its  correspondent  portion  of  rope  wound  up, 
there  will  be  given  off  a  pprtion  01  rope  answering  to  the  cir- 
cumference of  the  smaller.  Consequently,  the  quantity  of  un- 
wound rope  will  be  less  after  such  a  turn,  by  a  portion  equal  to 
the  difference  between  the  circumferences  01  the  two  cylinders ; 
and  the  weight  d  will  be  raised  through  half  that  space. 
Whence,  since  the  radii  of  circles  are  as  meir  circumferences, 
we  may  use  this  analogy : 

As  the  radius  of  the  winch. 
To  half  the  difference  of  the  radii  of  the  cylinders ; 

So  is  the  weight, 

To  the  power  balancing  it. 
In  fig.  8.  is  exhibited  a  simple  capstan  in  which  the  same 
contrivance  is  adopted.  Here,  if  the  upper  barrel  a  were  17 
inches  diameter,  and  the  lower  b  16  inches,  the  pulley  c  being 
also  16  inches  diameter;  this  simple  capstan  would  be  equiva- 
lent to  an  ordinary  capstan  of  the  same  length  of  bar  ef,  apd 
diameter  of  barrel  b,  combined,  with  a  16-fold  tackle  of  puUeys ; 
and  at  the  same  time  free  from  the  great  loss  by  friction  and 
bending  of  ropes,  which  would  absom  at  least  a  third  of  the 
power  of  a  16-fold  tackle. 

One  peculiar  advantage  of  this  en^ne  is,  that  the  half  differ- 
ence of  the  radii  of  a  and  b  may  be  diminished  ad  UUtufmy  with- 
out weakening  the  cylinder,  increasing  the  friction,  or  requiring 
jany  rapid  curvature  of  the  rope.  This  windlass  has  likewise  t^e 
peculiar  property  of  holding  the  weight  at  any  part  of  its  ^  rise 
or  fall  without  needing  a  rachet  wheel  and  catch.  Its  only 
practical  disadvantage  is,  that  a  great  quantity  of  rope  must  be 
used  to  produce  a  moderate  change  in  the  position  of  the 
weight;  but  the  quantity  of  rope  will  be  much  less  than  what 
is  requisite  for  an  equivalent  tackle  of  pulleys.    This  ingenious 
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contrivance  is  generally  ascribed  to  the  celebrated  George  Eck» 
hardt;  and  he  probably  invented  it  without  knowing  that  it 
had  been  used  elsewhere:  but  we  have  seen  a  figure^  from 
which  our  figure  8.  is  merely  a  copy,  in  some  Chinese  drawings 
of  nearly  a  century  old. 

5.  The  methods  of  communicating  motion  from  one  thing  to 
another,  or  from  one  point  to  another,  are  almost  infinitely  di- 
versified :  so  that  it  will  not  be  expected  that  they  should  all  be 
described  here.  It  is  manifest  that  the  communication  of  mo- 
tion will  in  different  circumstances  be  better  effected  by  means 
of  one  simple  machine  (or,  as  they  are  usually  called,  mechanical 
power),  than  by  another ;  and  much  of  the  skill  of  the  engineer 
consists  in  choosing  the  instrument  most  proper  for  the  purpose 
proposed :  and  the  same  will  be  the  case  with  regard  to  more 
complex  machines.  In  some  instances  a  simple  lever,  or  a 
simple  unbent  cord,  will  answer  better  than  any  combination : 
in  others  it  may  be  highly  advantageous  to  use  a  combination 
of  levers  acting  upon  each  other,  by  means  of  so  many  fulcra ; 
and  by  these  the  direction  may  be  changed  at  pleasure:  in 
others,  as  when  motion  is  communicated  to  a  series  of  wheels 
and  axles  in  succession,  it  may  be  effected  by  a  rope  running 
in  grooves  round  one  wheel  and  the  succeeaing  axle ;  or  by 
what  was  described  in  vol.  1.  art.  246.  under  the  name  of  tooth 
and  pinion  work :  in  others  again,  by  a  barrel  and  winch  with 
an  endless  screw.  And  many  other  contrivances  will  readily 
suggest  themselves  to  an  ingenious  artist.  See  article  seventh, 
under  Surface-Planing  machinery^  in  this  volume. 

6.  But  such  simple  methods  cannot  always  be  adopted.  Thus 
when  it  is  required  hy  means  of  a  rotatory  motion  to  produce 
a  reciprocating  onCy  as  the  alternate  motion  of  the  pistons  of 
pumps,  for  example ;  one  of  the  following  contrivances  may  be 
used.  To  a  vertical  shaft  as  ap  (fig.  6.  pi.  II.)  fix  a  large  ho- 
rizontal wheel  MOIL,  the  lower  part  of  which  is  indented  in 
waves  Mso,  oqi,  &c.  of  which  the  constituent  arches  are  either 
circular  or  parabolic.  On  a  convenient  point  d  of  an  upright 
post  as  a  centre  of  motion,  let  a  lever  £dc  move ;  one  end  of 
it  carrying  the  moveable  vertical  wheel  cr,  in  size  properly 
adjusted  to  the  waves  of  the  horizontal  wheel ;  the  other  ef 
being  a  circular  arc  to  which  is  applied  the  chain  eg  of  the 
puinp.  Then  whilst  tlie  great  wheel  is  turned  by  the  lever 
NA  from  o  towards  r,  the  wave  Q  presses  down  the  wheel  QR, 
and  raises  the  end  e  of  the  lever,  and  thus  draws  up  the  water 
in  the  pump  g.  But  when  the  deepest  part  o  of  the  wave  is 
past  the  highest  part  of  the  wheel  cr,  the  wheel  rises  up  into 
the  hollow  s,  and  so  the  chain  eg  descends  till  the  next  wave 
raises  it  again.     Thus  the  passage  of  every  wave  by  the  wheel 
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CR  causes  a  stroke  of  the  pump.  If  the  number  of  waves  be 
odd,  and  another  pump  wheel  and  lever  be  placed  diametrically 
oppoate  on  the  other  side  of  the  great  wheel  ;.then  these  two 
levars  acting  by  turns,  will  keep  the  motion  tolerably  uniform, 
and  the  power  at  n  will  have  nearly  a  uniform  action.  The 
wheel  OR  is  introduced  for  the  sake  of  softening  the  friction : 
but  it  must  be  carefully  adjusted  to  the  magnitude  of  the  waves, 
or  dse  the  motion  will  he  hobbling  and  irregular.  On  this  ac- 
count the  following  method  of  obtaining  a  reciprocating  motion 
is  more  usual. 

Instead  of  making  the  axis  ab  (fig.  S.  pL  XL)  in  one  oon« 
tinued  straight  line,  let  it  be  b^t  at  right  angles  in  the  points 
df  e,Jy  g^  A,  &c.  so  that  the  portions  ^  gh^  shall  be  parallel 
to  AR,  and  in  the  course  of  a  rotation  of  the  lantern  or  trundle 
EF,  they  will  describe  cylindrical  surfaces:  if,  then,  pistons 
and  their. handles  r6,  i6,  be  hung  upon  the  cranks  i,  i,  as  the 
rotatory  motion  of  the  trundle  ef  (when  worked  by  another 
wheel)  proceeds,  the  pistons  are  alternately  forced  up  and  down 
in  the  pumps ;  and  thus  make  one  complete  stroke  of  each 
pump  for  every  turn  of  the  lantern.  It  will  be  advisable  to  place 
puHqrs  or  rollers  at  a,  6,  a,  6,  for  the  handles  (n:  chains  to  woi^ 
against,  when  the  obliquity  of  the  motion  of  the  cranks  i,  i, 
carries  them  out  of  the  vertical  position. 

,  Other  methods  of  obtaining  reciprocating  by  means  of  dr« 
cular  motions  may  be  seen  under  the  articles  Air-pump  and 
SaW'fnUL     See  aho  pi.  XXXVIII.  and  XXXIX. 

7.  To  produce  a  rototiory  motion  by  means  of  a  reciproc^ing 
one.  Suppose  it  is  required  to  give  to  the  wheel  syto  (fig.  31 
pi.  II.)  a  rotatory  modon  about  the  centre  c.  In  the  fiane  of 
the  wheel,  attach  to  a  fixed  point  f  as  a  centre  of  motion  a 
kver  FQ,  which  may  move  freely  up  and  down :  let  a  pin  be 
fixed  in  the  wheel  as  at  r;  and  let  an  inflexible  bar  aa  hang 
upon  the  pin  at  r  at  one  end,  while  the  other  end  is  attached 
to  the  lever  Fa  by  a  stirrup;  the  motion  being  quite  easy  at 
both  ends.  Then,  while  the  point  q  is  rmsed  upwards,  the  bar 
puUs  upwards  the  pin  R,  and  so  continues  to  do  until  the  points 
0,  R,  and  c,  fall  in  a  right  line;  at  that  time  the  e£Port  of  the 
bar  to  turn  the  wheel  is  nothing ;  but  the  wheel  by  its  anterior 
rotati<m  has  acquired  a  quantity  of  motion  which  will  carry  it 
on  in  the  same  direction,  till  by  the  downward  motion  of  the  ex* 
tremity  a  of  the  lever,  the  bar  b^ns  to  push  forward  the  pin 
to  whi^h  it  is  attached :  thus  the  motion  is  continued  till  the 
points  a,  c,  and  r,  are  again  in  a  right  line,  R  being  now  the 
farthest  from  d:  in  this  position  the  bar  has  no  tendency  to 
move  the  wheel  along ;  but  here  the  effort  of  momentum  con- 
tinues the  motion,  as  before,  uU  the  bar  begins  to  draw  the  point 
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R  Upwards.  AAA  tfhi)^  a  reciprbcating  motion  of  the  tever  PR 
^ves  a  complete  rotation  to  the  wheel ;  and  the  velocity  of  the 
circumference  of  the  wheel  may  be  made  as  rapid  as  we  please, 
by  making  the  distance  cr  so  much  the  smaller  in  comparison 
of  cv.  If  the  lever  fq  be  below  the  wheel,  the  general  effect 
will  be  the  same,  but  the  particular  circumstances  of  the  mo« 
tion  will  succeed  each  other  in  a  contrary  order.  In  practice  it 
b  common  to  substitute  for  the  pin  at  r  the  handle  of  a  bent 
winch,  as  represented  by  the  dotted  lines  in  the  figure.  It  is 
not  absolutely  necessary  that  the  lever  and  wheel  should  be  in 
the  same  plane ;  but  deviations  from  it  are  not  often  to  be  re- 
commended, except  in  small  machinery,  such  as  a  common 
isipinning  wheel  worked  by  the  feet,  &c.  When  it  is  not  re- 
quired to  have  a  complete  rotation  of  the  wheel,  for  every 
ascent  and  descent  of  the  lever  fq,  we  may  change  the  relation 
of  the  two  motions  in  any  proportion,  by  the  intervention  of 
tooth  and  pinion  work. 

8.  To  describe  a  rectilinear  redprooaUng  motion^  by  meand 
of  an  angular  or  circular  reciprocating  motion.  Let  it  be  pro* 
posed,  for  example,  to  move  the  end  f  of  the  beam  fh  to  and 
fro  inthe  line  ec.  Fix  a  beam  ab  (fig.  9.  pi.  I.)  perpendicularly 
to  the  ^ven  line  ec,  and  cut  in  that  beam  a  groove  en  equal  in 
length  to  the  beam  fh  :  let  the  end  h  of  the  beam  fh  be  con- 
fined by  a  pin  to  run  along  the  groove  cj> ;  and  let  two  other 
{nns  be  fixed,  one  at  g  the  middk  point  of  the  beam  fh,  the 
other  at  c  the  lower  point  where  the  reciprocating  litotion  of 
the  point  f  terminates:  take  an  iron  bar  cg  equal  m  length  to 
half  FB,  and  let  it  move  upon  the  pins  c  and  g  as  joints.  Then 
while  the  end  g  of  the  bar  or  guide  cg  moves  through  the 
quadrantal  arc  Lg  gk  ;  the  point  h  of  the  beam  will  slide  along 
tne  groove  from  d  to  c,  ana  the  point  f  along  the  line  ce  from 
c  to  X :  and  when  the  guide  returns  from  x  by  g  to  l,  the  end 
F  of  the  beam  wiU  return  along  the  line  ec.  For,  when  cg  = 
GF  =  gh,  suppoinng  a  line  drawn  from  c  to  F,  the  angle  fgc  zt 
ecu  +  GHC  =:  2gch  ;  and  cgh  =:  gcf  +  gfc  =  ^ocf.  Hence 
we  have  9,  gcf  +  ^  och  =  fgc  +  hgc  =  S  right  angles,  and 
consequently  gcf  +  gch  =  hcf  =  1  right  angle :  that  is,  the 
point  F  falls  in  a  right  hne  drawn  through  c  at  right  angles  to 
CJ>.  And  when  fh  is  in  any  other  position,  asy  h^  the  same 
may  be  shown. 

9.  To  communicaite  motion  in  any  direction  by  wheels^  and  to 
construct  the  tokeelsjbr  thai  purpose.  This  may  be  done  by 
placing  the  wheels  so  that  their  shafts  or  axles  shall  be  inclinea 
m  given  angles,  as  represented  in  figs.  1.  and  7.  pi.  III.  And 
in  this  case  the  wheels  are  sddom  portions  of  cylinders,  but 
most  commonly  portions  of  cones.     When  the  wheels  do  not 


Qdake  a^  angle  of  90^^  the  adjyBtment  of  the  shape  and 
magQitude  of  the  conic  frustums  which  constitute  the  wheels,, 
is  known  among  millwrights  by  the  name  of  beodrgeer  work ;  a- 
condse  account  of  which  is  here  added.  If  two  cones  a  and  b. 
(fig,  2.  pi.  III.),  whose  surfaces  always  touch  in  a  right  line,  as. 
acy  revolve  on  their  axes  ab^  ac,  rolling  the  one  upon  the  otiber  ; 
and  if  the  bases  and  altitudes  of  these  cones  be  equal,  they  will 
{perform  coipplete  revolutions  in  one  and  th^  same  time.  For 
since  the  bases  and  altitudes  are  equal,  circles  on  either  conCv 
parallel  to  the  base,  and  at  equal  distances  from  the  vertex,  as 
die  distances  a2,alS,  for  instance,  will  be  equal :  and  therefore, 
while  the  surfaces  of  the  cones  roll  one  upon  another,  every 
point  in  the  circumference  of  one  of  these  circles  will  be  brought 
succesrively  into  contact  with  a  corresponding  point  on  the  cir- 
cumference of  the  other,  and  they  will  both  have  revolved 
in  an  equal  time.  The  same  will  hold  of  the  corresponding 
circles  at  any  other  equal  distances  from  the  vertex,  al,  aS,  a4, 
&c.  and  consequently  the  two  cones  will  perform  th^  rotations 
in  equal  times. 

Again,  if  the  cone  ade  (fig.  3.  pL  III.)  have  the  diameter  of 
its  base  double  that  of  the  cone  o^  while  their  slant  heights 
are  the  same ;  and  if  these  two  cones  turn  on  their  axes  oc,  ab^ 
their  surfaces  during  the  rotation  always  touching  one  another 
in  a  right  line;  then,  since  the  circumrerence  of  tne  base  de  b 
double  that  of  the  base  ^  and  the  circumference  of  every  cir- 
cular section  parallel  to  the  former  base,  double  that  of  every 
corresponding  section  parallel  to  the  latter  base,  it  follows  that 
when  the  cone  afd  has  performed  one  rotation,  the  cone  ode 
will  have  made  but  haUT  a  rotation.  The  times  of  rotation 
being  in  the  ratio  of  their  bases. 

In  like  manner,  if  the  cone  aed^  (fig.  4  pL  III.)  have  the. 
diameter  of  its  base,  to  the  diameter  of  the  base  of  adf^  as  m 
to  n,  the  slant  heights  bein^  the  same ;  and  if  these  cones  turn 
upon  their  axes  oc,  a&,  theur  surfaces  being  always  in  contact 
in  some  riffht  line  as  ad\  then  will  the  time  of  a  complete  ro- 
tation of  the  cone  aed^  be  to  the  time  of  rotation  of  adft  as  m 
to  n ;  and  consequently  the  number  of  rqtations  of  the  former 
cone  to  the  number  of  rotations  of  the  latter  in  any  given  time, 
as  n  to  m.  And  if  the^  cones  w^  Autpd,  the  flutes  diver^ng 
oondnuaUy  from  the  apex  a  to  tne  base,  they  would  become 
conical  wheels,  and  constitute  beoel-geer. 

10.  Thus,  if  b6  and  si  (fig.  6,  pT.  III.)  be  the  bases  of  two 
cones  turning  on  their  axes,  having  teeth  cut  in  them  diverging 
from  the  common  vertex  a  to  those  bases,  such  teeth  will  work 
freely  into  one  another  from  one  end  to  the  other :  but,  as  such 
teeth  would  be  very  difficult  of  adjustment  towards  the  point  a. 
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and  l)ecftUse  in  practiee  the  two  axes  could  not  both  be  properly 
fixed  to  one  and  the  same  point ;  it  is  necessary  to  cut  off  a 
portion,  as  afe,  from  the  upper  part  of  both  cones^  and  apply 
t}ie  axles  to  the  lower  parts  in  the  same  manner  as  in  common 
wheels.  The  great  advantages  of  these  conical  wheels  are, 
that  their  teeth  may  be  made  of  any  breadth,  according  to  the 
stress  they  are  to  sustain ;  and  that  the  fHction  will  be  small 
in  comparison  of  that  occasioned  by  most  other  methods  of 
communicating  motion  in  oblique  directions. 

1 1.  Now,  to  determine  the  dimensions  of  two  conicai  wheels 
to  communicate  motion  in  any  oblique  angle,  the  folUngmg 
graphic  method  may  be  used.  Suppose  ab  (fi^.  6.  pL  III.)  to 
represent  the  shaft  or  axle  of  one  wheel,  ana  de  tne  axle  of 
another  wheel,  the  angle  x  in  which  they  intersect  each  other 
being  equal  to  the  angle  in  which  the  motion  is  proposed  to  be 
communicated :  let  it  qe  required  for  the  shaft  de  to  revolve  m 
times  while  the  shaft  ab  revolves  n  times ;  and  let  the  line  ii 
be  drawn  parallel  to  (2^  at  a  distance  equal  to  the  radius  of  the 
base  of  the  wheel  whose  axle  is  de.  Then  draw  a  line  kk  pa* 
rallel  to  a6,  and  at  a  distance  yg  from  it,  which  shall  be  to  the 
distance  yk  as  m  ton:  through  x  the  point  of  intersection  of 
the  lines  first  proposed,  and  y  the  intersection  of  the  two  lines 
Of  kk^  respectively  parallel  to  the  two  former,  draw  the  line 
ayiD,  which  will  be  the  pitch  line  of  the  two  conical  wheels,  or 
the  line  in  which  the  teeth  of  those  wheels  act  upon  one  an- 
other; and  gy,  hy  will  represent  the  exterior  radii  of  the 
wheels,  which  will  work  one  against  the  other  after  the  manner 
shown  in  fig.  7,  where  the  corresponding  parts  are  marked  by 
the  same  letters.  A  third  shaft  and  wheel  may  easily  be  ap- 
plied to  communicate  modon  in  a  different  direction  from  either 
of  the  former:  aR  the  shaft  and  wheel  rstv  in  fig.  7. 

It  is  manifest  from  what  is  done  above,  that  this  is  nothing 
more  than  to  divide  an  angle  bxh  into  two  parts  whose  sines 
shall  have  a  ^ven  ratio  of  m.Xo  ni  a  welt-known  problem 
which  solved  aJgebraically  gives  the  theorem,  2  sin  igay  = 

2  sin  i  gxh  • .    {Simpson's  Select  Exercises,  p.  188.)     So 

that  all  which  is  required  here  may  be  ea^ly  calculated,  when 
necessary,  by  the  common  rules  of  plane  trigonometry. 

1%  Universaljoints  (invented  by  Dr.  Hooke)  are  sometimes 
Used  to  communicate  motion  obliquely,  instead  of  conical 
wheels.  Fig,  8.  pi.  III.  represents  a  stngte  universal  joint  which 
may  be  employed  where  the  angle  does  not  exceed  40  degrees, 
and  when  the  shafts  are  to  move  with  equal  velocity.  The 
shafts  A  and  b,  being  both  connected  with  a  cross,  will  move  on 
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the  rounds  at  the  point  CK  and  df,  and  thus  if  the  sliaft  a  is 
^?™fd  round,  the  shaft  b  will  likewise  turn  with  a  simitar  mo- 
tion in  its  respective  positifMi. 

The  doubk  universal  jcrint  (fig.  9.  pi.  III.)  oontseys  motion  in 
different  directions  when  the  angle  is  between  All  and  90  de^ 
grees.  It  is  at  lib^y  to  move  on  the  nmnds  at  the  points  o, 
H,  I,  X,  connected  with  the  shaft  b  ;  also  on  the  points  l,  m,  n, 
T,  connected  with  the  shaft  a  :  thus  the  two  shafts  are  so  con- 
nected  that  one  cannot  turn  without  cauune  the  other  to  turn 
likewise.  Th^  joints  may  be  constructed  hy  a  cross  of  iron, 
or  with  four  pins  fastened  at  right  angles  upcm  the  circum« 
lerence  of  a  hoop  or  of  a  solid  ball:  they  are  of  great  use  in 
cotton  mills,  where  the  tumbling  shafts  are  continued  to  a  great 
distance  fit)m  the  moving  power :  for  hy  applying  a  universal 
^jointy  the  shafts  may  be  cut  into  convenient  lengths,  luad  so  be 
enabled  to  overcome  a  greater  resistance. 

18.  Wlien  the  number  of  teeth  in  each  of  two  wheels  is  given, 
and  the  diameter  of  <me  of  them,  the  diamet^  of  the  other  should 
he  sofownd  that  one  wheel  may  drive  the  other  withotU  sliaking : 
and  for  this  purpose  there  will  be  a  different  proportion  of  Cto- 
meters  or  of  radii,  according  to  the  number  of  teetn  which  are  to 
be  in  contact.  Let  ade,  bdf  (fig.  10.  pi.  III.)  represent  por* 
tious  of  the  wheels,  c  the  point  wliere  tlie  teeth  ought  first  to 
come  into  contact:  draw  cd  perpendicular  to  as  the  right  line 
jotiiiogthe  centres  of  the  wheels;  and  if  this  be  reckoned  the 
radius,  cb  will  be  the  secant  of  the  angle  bcb,  and  AC  the  se*- 
cant  of  the  angle  oca.  Consequently,  cb  :  ca  :  :  secant  dcb  : 
secant  dca  :  :  cosec.  dbc  :  cosec.  DAa  But,  the  number  of 
teeth  in  each  wheel  being  given,  the  angles  dbc,  dac,  vary  as 
half  the  number  of  teeth  in  contact.  Therefore,  divide  the  ardi 
of  the^midrcle,  or  180  degrees,  by  half  the  number  of  teetli 
in  eacu  wheel,  and  proportion  the  radii  of  the  wheel  to  the  co» 
secants  of  the  quotients,  or  of  double,  or  of  treble  the  quotients* 
according  to  the  depth  of  the  wheels  running,  viz.  according  as 
they  are  to  have  two,  four,  or  six  teeth,  in  contact;  so  shall  the 
motion  be  regular  and  free  from  shaking. 

In  art.  147.  of  the  first  volume,  we  described  the  best  forms 
for  the  teeth  of  wheels :  in  many  cases,  however,  a  small  devia- 
tion from  these  perfect  forms  is  not  of  great  importance.  But 
in  cases  where  the  utmost  accuracy  is  required,  as  in  the  pallets 
of  clocks  and  watches,  the  form  of  the  teeth  must  be  carefully 
attended  to.     See  the  article  Teeth  in  this  volume^ 

14.  To  regidate  any  motion  andmake  U  uniform^  oneof  the 
most  obvious  methods  is  that  by  means  of  a  pendulum  and  scape- 
ment.     Thus,  (fig.  5.  pi.  II.)  as  the  pendulum  ab  vibrates,  it   ' 
cai!ises  %ipg  to  vibrate  also,  about  the  axis  fg.  :  wlnlst  the  pen- 
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Ailum  vibrates  towards  d,  a  tooth  of  the  wheel  k&  goes  off  the 
pallet  I,  and  another  catches  the  pallet  Hiand  when  the  pen^ 
dulum  returns  towards  c,  it  draws  the  pallet  h  off  the  tooth,  and 
imother  catches  the  pallet  i ;  and  so  on  alternately.  Sathat,  at 
eveiy  vibration  of  the  pendulum,  a  tooth  goes  off  one  or  other 
of  the  pallets :  and^  as  the  vibrations  of  the  pendulum  are  iso- 
chronousy  the  teeth  move  from  the  pallets  unifi)rmly,  the  whole 
rotation  of  the  wheel  kl  is  made  regularly,  and  by  reason  of  the 
connexion  of  the  teeth  aad  pinions  the  descent  of  w  is  uniform, 
which  would  otherwise  have  oeen  accelerated.  See  Scapements. 

1&  Professor  Robison  has  given  some  general  observations 
on  the  construction  of  macliines^  and  on  (^e  regulating  of  thl^ir 
motions,  which  appear  highly  worthy  of  the  reader's  attention,^ 
and  are  therefore  extract^,  as  below. 

When  heavy  stampers  are  to  be  raised,  in  order  to  drop  on 
the  matters  to  lie  pounded,  the  wipers  by  whidi  they  are  lifted 
should  be  made  of  such  a  form,  that  the  stamper  may  be  raised 
by  a  uniform  pressure,  or  with  a  motion  almost  perfectly  uni- 
form. If  this  is  not  attended  to,  and  the  wiper  is  only  a  pin 
stidcing  out  from  the  axis,  the  stamper  is  forced  into  motion  at 
onoe«  This  occasions  violent  jolts  to  the  machine,  and  great 
strains  on  its  moving  parts  and  their  points  of  support ;  whereas 
wh^i  they  are  graduauly  lifted,  the  inequality  of  desultory  motion 
is  never  felt  at  the  impelled  point  c£ihe  machine.  We  have 
seen  pistons  moved  by  means  of  a  double  rack  on  the  piston-rod* 
A  half  wheel  takes  hold  of  one  rack,  and  raises  it  to  the  required 
height.  The  moment  the  half  wheel  has  quitted  that  side  of 
the  rack,  it  lays  hold  of  the  other  side,  and  forces  the  piston 
down  again.  This  is  proposed  as  a  ^reat  improvemert ;  cof«* 
recting  the  unequable  motion  of  the  piston  moved  in  the  com*^ 
mon  way  by  a  crank.  But  it  is  far  interior  to  the  crank  motion* 
It  occasions  such  abrupt  changes  of  motion,  that  the  machine  is 
shaken  by  jolts.  Indeed  if  the  movement  were  accurately  ex- 
ecuted, the  machine  would  be  shaken  to  pieces,  if  the  parts  did 
not  give  way  by  bending  and  yielding*  Accordingly,  we  have 
always  observed  that  this  motion  soon  failed,  and  was  changed 
for  one  that  was  more  smooth.  A  judicious  engineer  will  avoid 
all  such  sudden  changes  of  motion,  especially  in  any  ponderou9 
part  of  a  machine* 

When  several  stampers,  pistons,  or  other  reciprocal  movers, 
are  to  be  raised  and  depressed,  common  sense  teaches  uq  to 
distribute  thdir  times  of  action  in  a  uniform  manner,  so  that  thq 
machine  may  always  be  equally  loaded  with  work.  When  this 
is  done,  and  the  observations  in  the  preceding  paragraph  attended 
to,  the  machine  may  be  made  to  move  almost  as  smoothly  as  if 
there  were  no  reciprocations  in  it.    Nothing  shows  the  ipgenuity 
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of  the  aut&or  more  than  the  artful  yet  simple  and  efliaetual  ooDri 
trivanoes  fer  obviatiiig  those  difficulties  thai  unavoidably  arise 
ffom  the  y^ry  nature  of  the  work  that  must  be  performed  by 
the  machine,  and  of  the  power  empfeyed. 

1&  There  is  also  great  loom  for  ingenuity  and  good  dioice 
in  the  management  of  the  movinff  power,  when  it  is  such  as 
cannot  immediately  produce  the  kind  of  motion  required  for 
effecting  the  purpose^    We  mentioned  the  oonvernon  of  the 
contiaued  rotation  of  an  axis  into  the  reciprocating  motion  of  a 
piston,  and  the  improvement  which  was  thought  to  have  been 
made  <m  the  common  and  obvious  contrivance  of  a  crank,  by 
siibstitutii^  a  double  rack  on  the  piston-rod,  and  the  inoon* 
venaenee  anong  from  the  jolts  occasioned  by  this  change.    We 
have  s^n  a  gre&t  forge,  where  the  engineer,  in  order  to  avoid 
the  same  inoonTenienee  arising  from  the  abrupt  motion  ^ven  tor 
the  great  sledge  hammer  of  seven  hundred  weight,  resistmg  wkb 
a  five-fold  momentum,  formed  the  wipers  into  spirals^  which 
communicated  motion  to  the  hammer  almost  unthout  any  jok 
whatever;  but  the  result  was,  that  the  hammer. rose  no  higher 
than  it  had  been  raised  in  contact  with  the  wiper,  and  then 
fell  on  the  iron  bkM)m  with  very  little  effect*   .  The  cause  of 
its  inefficiency  was  not  guessed  at ;  but  it  was  removed,  and 
wipers  of  the  common  form  were  put  in  place  of  the  spirals.. 
In  this  operation,  the  rapid  motion  of  the  hammer  is  absolutely 
neoestery^     It  is  not  enough  to  Ufi  it  up ;  it  must  be  tossed  up^ 
so  as  to  fly  higher  than  the  wiper  lifts  it,  and  to  strike  with  great 
force  the  strong  oaken  spring  which  is  placed  in  its  way.     It 
compresses  tius  spring,  and  is  reflected  by  it  with  a  conuderable 
velocity,  so  as  to  hit  the  iron  as  if  it  had  fallen  from  a  great 
height.     Had  it  been  allowed  to  fly  to  that  height,  it  would 
have  fallen  upon  the  iron  with  somewhat  more  force  (because, 
no  oakcfn  spnng  is  perfectly  elastic) ;  but  this  would  have  re- 
quired more  than  twice  the  time. 

lis  In  employing  a  power  which  of  necessity  reciprocates,  to 
drive  machinery  which  requires  a  continuous  motion  .(as  in  iqp- 
plying  the  dteam  engine  to  a  cotton  or  a  mrist  mill),  there  also 
occur  great  difficulties.  The  necessity  of  reciprocation  in  the, 
fiiBt  mover  wastes  much  power ;  because  the  instrument  which 
communicates  such  an  enormous  force  must  be  extremely, 
strong,  and  be  well  supported.  The  impelling  power  is  wasted 
in  imparting,  and  afterwards  destroying,  a  vast  quantity  of 
motion  In  the  working  beam.  The  skilful  engineer  will  attend 
to  this,  and  do  his  utmost  to  procure  the  necessary  strength  of 
this  first  mover,  without  making  it  a  vast  load  of  inert  matter. 
He  will  also  remark,  that  all  the  strains  on  it,  and  on  its  sup- 
ports, are  changing  their  directions  in  every  stroke.     This  re- 
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quires  particular  attention  to  the  manner  of  suppexrtmg  it.  IP 
we  observe  the  steam  engines  which  have  been  long  erected, 
we  see  that  thej  have  uniformly  shaken  the  building  to  nieces. 
This  has  been  owing  to  the  ignorance  or  inattention  of  tne  en- 
gineer in  this  particular.  Tney  are  much  more  judiciously 
erected  now,  experience  having  taught  the  most  ignorant  that 
no  building  can  withstand  their  desultory  and  opposite  joks, 
mA  that  the  great  movements  must  be  supported  oy  a  firame- 
woi4c  independent  of  the  building  of  masonry  whidn  contains 

The  engineer  will  also  remark,  that  when  a  single^troke 
steam  engine  is  made  to  tnm  a  mill,  all  the  communications  of 
motion  change  the  direction  of  their  pressure  twice  every  stroke. 
During  the  working  stroke  of  the  beam,  one  side  of  the  teedi  of 
the  intervening  wheels  is  pressing  the  machinery  forward ;  but 
during  the  returning  stroke,  the  machinery,  already  in  motion, 
is  drag^ng  the  beam,  and  the  wheels  are  acting  with  the  other 
side  of  the  teeth.  This  occasions  a  rattling  at  everv  change, 
and  makes  it  proper  to  fashion  both  sides  of  the  teetn  with  the 
same  care. 

It  will  frequently  conduce  to  the  good  performance  of  an  en- 
gine, to  make  the  action  of  the  resisting  work  unequable,  ac- 
commodated to  the  inequalities  of  the  impelling  power.  This 
will  produce  a  more  uniform  motion  in  machines  in  which  the 
alomentum  of  inertia  is  ina)nsiderable.  There  are  some  beau- 
tiful specimens  of  this  kind  of  adjustment  in  the  mechanbm  of 
animal  bodies. 

18.  It  is  very  customary  to  add  what  is  called  a  Fly  to  mah^ 
chines.  This  is  a  heavy  disk  or  hoop,  or  other  mass  of  mattar 
hdkmeed  on  its  axis^  and  so  connected  with  the  machinery  as  to 
turn  briskly  round  with  it.  This  may  be  done  with  the  view  of 
rendering  the  motion  of  the  whole  more  regular,  notwithstand« 
ing  unavoidable  inequalities  of  the  accelerating  forces,  or  of  the 
resistances  occasioned  by  the  work.  It  becomes  a  Regulator. 
Suppose  the  resistance  extremely  unequal,  and  the  impelling 
power  perfectly  constant ;  as  when  a  bucket  wheel  is  employed 
to  work  one  pump.  When  the  piston  has  ended  its  working 
stroke,  and  while  it  is  going  down  the  barrel,  the  power  of  the 
wheel  being  scarcely  opposed,  it  accelerates  the  whole  madiine, 
and  the  piston  arrives  at  the  bottom  of  the  barrd  with  a  con* 

*  Th«  gudgeons  of  a  wftter-wheel  should  never  rest  on  the  wall  of  tbe  building. 
It  shakes  it;  and  if  set  up  soon  after  the  building  has  been  erected,  it  prevents  the 
mortar  from  taking  firm  bond ;  perhaps  by  shattering  the  calcareous  crystals  as  thqr 
farm.  When  the  engineer  is  obliged  to  rest  the  gudgeons  in  this  way,  they  shouM 
be  supported  by  a  block  of  oak  laid  a  little  holldw.  Thia  softens  all  tremors,  lika 
springs  of  a  wheel  carriage.  This  practice  would  be  very  serviceable  in  many  other 
{larts  of  the  construction. 
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riderable  velocity.  But  in  the  rising  again,  the  wheel  is  oppoi^ 
by  the  column  of  water  now  pressing  on  the  piston.  This  bn- 
mediately  retards  the  wheel ;  and  when  the  piston  has  reached 
the  top  of  the  barrel,  all  the  acceleration  is  undone,  and  is  to 
begin  again*  The  motion  of  such  a  machine  is  very  hobbling : 
but  the  supei^lus  of  accelerating  force  at  the  be^^nning  of  a  re- 
turning stroke  will  not  make  such  a  change  in  the  motion  of  the 
machine  if  we  connect  the  fly  with  it.  For  the  accelerating 
momentum  is  a  determinate  quantity.  Therefore,  if  the  radius 
of  the  fl^  be  great,  this  momentum  will  be  attained  by  cob»- 
munioating  a  small  angular  motion  to  the  machine.  Tne  mo- 
mentum of  the  Ay  is  as  the  square  of  its  radius ;  therefore  it  re- 
sists acceleration  in  this  proportion ;  and  although  the  overplus 
of  power  genetates  the  same  momentum  of  rotation  in  the 
whole  macnine  as  before,  it  makes  but  a  small  addition  to  its 
velority.  If  the  diameter  of  the  fly  be  doubled,  the  augmenta- 
tion of  rotation  will  be  reduced  to  one-fourdi.  Thus,  by 
giving  a  rapid  motion  to  a  small  quantity  of  matter,  the  great 
acceleration  during  the  returning  stroke  of  the  piston  is  pre- 
vented .  This  acceleration  continues,  however,  during  the  wn^e 
of  the  returning  stroke,  and  at  the  end  of  it  the  machine  has 
acquired  its  greatest  velocity.  Now  the  working  stroke  begins^ 
ana  the  overplus  of  power  is  at  an  end.  The  machine  a&- 
oelerates  no  more ;  but  if  the  power  is  just  in  equilibrio  with 
the  resistance,  it  keeps  the  velocity  which  it  has  acquired,  and 
is  still  more  accelerated  during  the  next  returning  stroke.  But 
now,  at  the  beginning  of  the  subsequent  working  stroke,  there 
is  an  overplus  of  resistance,  and  a  retardation  b^ns,  and  con- 
tiiiues  during  the  whole  rise  of  the  piston ;  but  it  is  considerable 
in  comparison  of  what  it  would  have  been  without  the  fly ;  for 
the  fly,  retaining  its  ac(]uired  momentum,  drags  forward  the 
rest  of  the  machine,  aiding  the  impelling  power  of  the  wheel. 
It  does  this  by  all  the  communications  taking  into  each  other 
in  the  opporite  direction.  The  teeth  of  the  intervening  wheels 
are  heara  to  drop  fhnn  their  former  contact  on  one  side,  to  a 
QontaGt  on  the  otner.  By  oonsid^ng  this  process  with  atten- 
tion, we  easily  perceive  that,  in  a  few  strokes,  the  overplus  of 
power  during  tiie  returning  stroke  comes  to  be  so  adjusted  to 
the  deflciency  during  the  working  sdroke,  that  the  accelerations 
and  retardations  exactly  destroy  eechother,andeveiysucceeding 
stroke  is  made  with  the  same  velocity,  and  an  equal  number  of 
strokes  is  made  in  every  succeeding  minute.  Thus  the  machine 
acquires  a  general  unirormity  with  periodical  ine(]ualities.  It  is 
plain,  that  liy  sufiiciendy  enlarging  either  the  diameter  or  the 
weight  of  the  fly,  the  irre^larity  ot  the  motion  may  be  rend^^ed 
as  small  as  we  please.    It  is  much  better  to  enlarge  the  diameter. 
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This  preserves  die  'fnctioa  more  moderate,  and  the  pivot  wedrs 
less.  For  these  reasons,  a  fly  is  in  general  a  consiaerable  im- 
provement in  machinery,  by  equalising  many  exerti<His  that  are 
naturally  very  irregular.  Thus,  a  man  working  at  a  common 
windlass  exerts  a  very  irregular  pressure  on  the  winch.  Ip  one 
of  his  positions  in  each  turn  he  can  exert  a  force  of  near  70 
pounds  without  fatigue,  but  in  another  he  cannot  exert  above 
^ ;  nor  must  he  be  loaded  with  much  above  this  in  general. 
But  if  a  large  fly  be  connected  properly  with  the  windlass,  he 
will  act  with  equal  ease  and  speed  against  30  pounds. 

This  regulating  power  of  the  fly  is  without  bounds,  and.m^y 
be  used  to  render  uniform  a  motion  produced  by  the  most  de* 
sultory  and  irregular  power.  It  ifi  thus  that  the  most  regular 
motion  is  given  to  mills  that  are  driven  hy,  a  single-stroke  steam 
engine,  where  for  two  or  even  three  seconds  there  is  no  force 
p]%ssing*the  mill  round.  The  communication  is.  made  through 
a  massivc:fly  of  very  gieat  diameter,  whirhng  with  great  rapidity. 
As  soon  as  the  impulse  ceases,  the  fly,  continuing  its  motioQ, 
urges  round  the  whole  machinery  with  almost  unabated  sp^. 
At  this  instant  all  the  teeth,  and  all  the  joints,  between  the  fly 
and  the  first  mover,  are  heard  to  catch  in  the  opposite  direction. 

If  any  permanent  chan^  should  happen  m  the  impelling 
power,  or  in  the  resistance,  the  flj^  makes  no  obstiw^le  to  its  pro- 
ducii^  its  full  e£fect  on  the  machine ;  and  it  will  be  observed  to 
accelerate  or.  retard  uniformly,  till  a  new  general  ^feed  is  afi^ 
quired  exeotly  corresponding  with  this  new  power  and  re- 
mstance. 

19.  Many  machines  include  in  their  construction  movements 
"which  are  equivalent  to  this  intentional  re^lator.  A  flour 
mill,  for  example,  cannot  be  better  regulated  than  by  its  mill- 
etone ;  but  in  tne  Albion  mills,  a  heavy  fly  was  added  with  great 
propnety ;  £br  if  the  mills  had  been  regulated  by  th^  millstones 
only,  then  at.  every  ehange  of  stroke  in  the  steam  engine,  the 
whole  train  j»f:  communications  between  the  beam,  which  is  the 
first  mover,  and  tlie  r^ulating  millstone,  which  is  the  very  l^t 
mover,  would  take  in  the  opposite  direction.  Although  each 
dropiin  the  teeth  And  joints  be  but  a  trifle,  the  whole,  added 
^together,  wouldmakearconeiderable  jolt.  This  is  avoided. by  a 
.r«gubtor .  immediately  adj^in^  to  the  beam .  This  continually 
presses  the  working. machinery  m  one  direction.  So  judiciously 
were  the  movements  of  that  noble  maebine  contrived,  and  so 
nicdy  were  they  executed,  that  not  the  least  noise  was  heard, 
nor  the  slightest  tremor  felt  in  the  building. 

SO.  Mr.  Valou6^s  beautiful  pile  engine  employed  at  West^ 
imoster  Bridget  is  Another  remarkable  instance  of  the  regulating 
.power  of  a  fly.    When  the  ram  is  dropped,  and  its  follower 
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-disetigaged  immediately  aft^r  it,  the  horses  iv^ottld  ihstaetftly 
tumble  dowiH  beoftute  the  load^  against  which  they  had  been 
straining  hard,  is  )at  otuse  taken  on ;  but  the  gin  is  connected 
•with' a  very  large  fly,  which  checks  any  remarkable  acceleration, 
allowing  the  horses  to  lean  on  it  during  the  descent  of  the  load ; 
lifter  which  their  draught  recommences  immediately.     The 

apindles,  cards,  and  bobbins,  of  a  cotton  mill,  are  also  a  sort  of 
ies.  Indeed  all  bulky  machines  of  the  rotative  kind  tend  to 
preserve  their  motion  with  some  degree  of  steadiness,  and  their 
great  momentum  of  inertia  i«  as  useful  'in  ibis  respect  as  it 
is  prejudicial  to  the  acceleration  or  any  t^iprocation  when 
wanted. 

$21.  There  is  another  kind  of  regulating  %,  consisting  of 
-wings  whirled  briskly  round  till'the'resistance  of  the  Sir  prevents 
any  great  acceleration.  This  is  a  very  bad  one  for  a  xoorking^ 
-machine,  ibr  it  produces  its  effect  hy  ^really  wasting  a  part  m 
the  moving  power.  Erequently  it  employs  a  very  great  and 
unknown  part  of  it,  and  robs'the  pn^prietor  of  mucn  work.  It 
should  never  be  introduced  into  any  machine  employed  in  ma- 
nufactures. 

^*  Some  rate  ciases  occur  ^whenela  vei^  diflferent  reguhter  is 
required :  where  a  certain  determined  velocity  is* found  necessary. 
In  this  case  themadhine  is  furnished,  at  its  extrememover,  with 
a  conical  pendulum,conmting  oftwoheavy  balk  hanging  by  rodft, 
which  move  in  very  mce  and  steady  joints  at  the  top  o&l  vertaeal 
axis.  It  is  well  known,  that  when  this  axis  turns  round,  willi 
an  ai^lar  velocity  suited  to  the  length  of  those ^pendulums,. the 
-time  of  a  revolution  is  determined.  Thus,  if  the  length  of  each 
pendulum  be99f  inches,  the  axig  will  make  a  revolution  in  two 
seconds  very  nearly.  If  we  attempt  to  force  it  more  swiftly 
round,  the  balls  wiu  recede  a  little  from  the  axis,  but  it  employs 
as  long  time  for  a- revolutionas  before;  and  we  cannot  mAke  it 
turn  swifter,  unless  the  impelling  power  be  increased  beyond  all 
probability :  in  wluch  «a8e:the  pendulum  will  fly  out  ^om  tbe 
centre  till  tbe  rods  are  horieontaly  after  whidi  every  increase  of 

Ewer  will  aecdarate  the  uiachtne  very  sensibly.  Watt  and 
lulton  first  apjfdied  this  contHvance  with  mat  in^nuity  to 
•dieir  steam  engines,  when  they  we  employ^  for  driving  ma- 
dnnery  for  manufactures  wbich  have  a  Tery  diangeable  rerist- 
aace,  and  where  a  certain  speed  casuiot  be  much  departed  from 
without  great  inconvenienoe.  They  have  conne6tea  this  recess 
of  tbe  bcuk  from  the  axis  (which  gives  immediate  indication  of 
an  increase  of  power  or  a  diminution  of  resistance)  with '  the 
-«t)ek  which  admits  the  steam  to  the  working  cylinder.  The 
balls  flying  out  cause  the  cock  to  close  a  litBe,  and  diminish 
die  supply  of  steam.    The  impaling  power  dinnnishes  the  next 
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« 

nioment,  and  the  balls  again  approach  the  axis,  and  the  rota- 
tion go^  on  as  before,  although  tnere  may  have  occurred  a  very 
great  excess  or  deficiency  of  power.     See  Governor. 

28.  A  fly  is  sometimes  employed  for  a  very  different  purpose 
from  that  of  a  regulator  of  motion— it  is  employed  as  a  coUec'or 
of  power.  Suppose  all  resistance  moved  from  tne  working  point 
of  a  machine  furnished  with  a  very  large  or  heavy  fly  imme^ 
diately  connected  with  the  working  point  When  a  small  force 
is  applied  to  the  impelled  point  oi  thb  machine,  motion  will 
begin  in  the  machine,  and  the  fly  begin  to  turn.  Continue  to 
press  uniformly,  and  the  machine  wilT  accelerate.  This  may  be 
continued  till  the  fly  has  acquired  a  very  rapid  motion.  If  at 
this  moment  a  resistmg  body  be  applied  to  the  working  point,  it 
will  be  actid  on  with  very  great  force ;  for  the  fly  has  now  ac- 
cumulated in  its  circumference  a  very  great  momentum.  If  a 
body  were  exposed  immediately  to  the  action  of  this  drcum- 
ference,  it  would  be  violently  struck.  Much  more  will.it  be  so, 
if  the  body  be  exposed  to  the  action  of  the  working  point,  which 
perhaps  makes  one  turn  while  the  fly  makes  a  hundred.  It  will 
exert  a  hundred  times  more  force  there  (very  nearly)  than  at  its 
own  circumference.  All  the  motion  which  has  been  accumu- 
lated on  the  fly  during  the  whole  progress  of  its  acceleration  is 
exerted  in  an  instant  at  the  working  point,  multiplied  by  the 
momentum  depending  on  the  proportion  of  the  parts  of  the  ma- 
chine. It  is  tnus  that  the  coining  press  performs  its  ofiice; 
nay,  it  is  thus  that  the  blacksmith  forges  a  bar  of  iron.  Swing- 
ing the  great  sledge  hammer  round  his  head,  and  urging  it  with 
force  the  whole  way,  this  accumulated  inotion  is  at  once  ex<- 
tin^iiihed  by  impact  on  the  iron.  It  is  thus  also  we  drive  a 
uai^  &c.  Tnis  accumulating  power  of  a  fly  has  occasioned 
many  to  imagine  that  a  fly  resilly  adds  power  or  mechanical  force 
to  an  engine ;  and,  not  understanding  on  what  its  efficacy  de» 
pends,  they  often  place  the  fly  in  a  situation  where  it  only  adds 
a  useless  burden  to  the  machme.  It  should  always  be  made  to 
move  with  rapidity.  If  intended  for  a  mere  regulator,  it  should 
be  near  the  first  mover :  and  if  it  be  intended  to  accumulate 
force  in  the  working  point,  it  should  not  be  far  separated  from 
it.  In  a  certain  sense,  a  fly  ^ay  be  said  to  add  power  to  a  ma- 
chine, because  by  accumulating  into  the  exertion  of  one  moment 
the  exertions  of  many,  we  can  sometimes  overcome  an  obstacle 
that  we  never  could  have  balanced  i)y  the  same  machine  un- 
aided by  the  fly.  And  it  is  this  accumulation  of  force  which 
gives  such  an  appearance  of  power  to  some  of  our  first 
movers.  (See  Supplement  Enci/clopadia  Britan.  art.  Afo- 
thinerif.) 

S4.  From  these  observations  it  is  easy  to  pass  to  the  con- 
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siriiction  of  elefiaentary  macbines:  and  it  will  be  advantageous 
to  the  young  mechaRist  to  see  several  of  them  collected  into 
one  point  of  view.  For  this  purpose  we  have  exhibited  in  plates 
XXXVIII.  and  XXXIX*  (extracted  from  M.  Hachette's  in- 
genious Traits  EUmentaire  des  Machines,)  ten  distinct  series 
of  simple  machines,  contrived  fdt  the  purpose  of  changing  or 
modifying  motion.  Thus,  the  1st  series  exhibits  different  me- 
thods of  chan^ng  the  direction  of  continued  rectilinear  motion. 
The  ^d  relates  to  the  conversion  of  continued  rectilinear,  to 
alternating  rectilinear  motion,  and  so  on ;  the  whole  b^ng  ' 
readily  classed  thus. 


Series. 

1 

Specimens. 

Conversion  of 

Intp 

5 

Continued  rectilinear 

Continued  rectilinear 

2 

Continued  rectilinear 

Alternating  rectilinear 

3 

16 

Continued  rectilinear 

Continued  circular 

4 

5 

Continued  rectiUnear 

Alternating  circular 

5 

S2 

Continued  circular 

Alternating  rectilinear 

6 

11 

Continued  drcular 

Continued  circular 

7 

17 

Continued  circular 

Alternating  circular 

8 

Alternating  rectilinear 

Alternating  rectilinear 

9 

10 

AherBating  rectilinear 

Alternating  circular 

10 

5 

Alternating  circular 

Alternating  circular 

The  construction  of  most  of  these  machines  will  be  evident 
from  die  respective  diagrams.  Others  will  be  explained  in  the 
course  of  the  present  volume.  We  apprehend  it  would  be 
highly  useful  for  such  persons  as  are  beginning  to  exercise 
themselves  in  the  construction  of  complex  machmes,  to  have 
the  substance  of  these  ten  series  drawn  upon  a  large  sheet  of 
pasteboard,  with  spare  compartments  to  oe  occupied  by  new 
contrivances  in  any  one  class,  as  they  occur.  Casting  tne  eye 
over  the  whole  would  frequently  suggest  an  ingenious  and  be- 
nefidal  combination. 


•' 


ON   FRICTION,  AND   THE   STIFFNESS  OF   ROPES. 

S6»  Most  of  the  propositions  laid  down  in  the  first  voluiae 
of  this  work  have  been  conducted  upon  the  supposition  that 
all  bodies  are  perfectly  smooth,  that  they  slide  over  one  another 
without  any  mction,  and  that  cords  and  ropes  are  perfiectly 
flexible*  fiut  since  there  is  no  such  thing  as  perfect  smoothness 
in  bodies,  no  machine  can  move  without  a  mutual  rubbing  of 

VOL.  II.  c 
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its  parts,  at  all  points  of  communication;  and  when  we  con- 
sider the  mode  of  operation  of  the  teeth  of  wheel- work,  the 
wipers  and  lifts,  the  gudgeons  of  the  different  axes,  &c.  we 
shall  see  ihat^rktion^  by  which  we  mean  the  resistance  a  body 
meets  with  from  the  surface  on  which  it  moves,  has  considerable 
effect  in  retarding  the  motion  of  machines,  or  gives  occasion 
for  the  exertion  of  much  more  power  in  order  that  the  machine 
may  move  with  the  requisite  velocity.  Indeed  in  many  ma- 
chines, as  polishing  mills,  grinding  mills,  boring  and  sawing 
mills,  the  ultimate  task  performed  is  either  friction  or  very 
much  resembles  it.  So  that  some  knowledge  of  the  nature  of 
friction  seems  absolutely  necessary,  to  enable  us  to  apply  the 
principles  of  the  simple  theory  to  any  useful  practical  purpose. 
Much  attention  has,  therefore,  been  paid  to  this  suDJect  by 
many  ingenious  men ;  but  as  yet  their  labours  have  not  greatly 
added  to  the  stock  of  knowledge  as  to  the  real  nature  of  fric- 
tion :  and  although  some  ingenious  theories  have  been  deduced 
from  the  experiments  which  have  already  been  made,  they  rest 
upon  very  limited  hypotheses,  and  are  of  little,  if  any,  actual 
utility.  This  being  our  opinion,  the  reader  will  not  expect  a 
minute  exf)osition  of  the  theory  in  this  place.  We  shall  merely 
present  a  single  proposition,  which  tends  to  an  obvious  practical 
purpose,  and  does  not  require  the  admission  of  more  than  one 
new  principle,  viz;  that  thejriction  varies  nearly  as  the  pressure. 

Prop.  A  power  which  moves  a  body  along  a  horizontal  plancy 
acts  with  the  greatest  advantage  when  the  line  of  direction 
makes  an  angle  of  abovi  18'^°  with  the  plane.  Let  b  (fig.  % 
pi.  I.)  be  the  body  which  is  to  be  moved  along  the  horizontal 

Elane  bc,  by  a  given  power  estimated  in  quantity  and  direction 
y  BA.  Demit  the  perpendicular  ac:  and  let  the  g^ven  line 
^B  zi  1  r=  radius,  ac  =  sin  abc  =  ar,  bc  =  >v/(1  —  :r*)  =  the  force 
jnoving  the  body  liorizontally.  The  power  by  its  oblique  action 
(]iminishes  the  pressure  of  the  weight  on  the  horizontal  plane  in 
the  ratio  of  1 :  .r,  therefore  Ba:  n  that  part  of  the  pressure  which 
jg  t^ken  off,  and  the  actual  pressure  =  b  —  nx.    Let  friction  be 

«.  — th  part  of  the  weight  or  pressure :  diat  is,  let  it  be  n  ~  b 

_  —  Bx.  Then  the  force  requisite  to  move  b  horizontally  must 
be  equal  to  the  horizontal  force  diminished  by  friction,  or  n 
B  (1— x^r  — ^B  +  —Bor.     This  is  to  be  a  minimum,  or  its 

fluxion  —  B*-  —  jz — r  =0:  hence  we  find  x  =7-; — r-r  =  sine 

of  the  angle  abc.  And  if,  as  has  been. concluded  from  many  ex- 
perimentS;  ~  =  f,  then  will  x  =  -—  =:  sine  of  18°  SS'  neJkrly. 
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If  the  plane  alon^  which  the  body  is  to  be  moved  be  inclined 
to  the  horizon,  the  sine  of  the  angle  which  the  line  of  direction 
or  traction  of  the  power  makes  with  the  plane,  when  it  acts 

with  the  greatest  advantage,  will  be  nearly  =  ;- — -,  c  being  the 

conne  of  the  angle  of  elevation  to  radius  =  unity. 

26.  The  principle  assumed  in  the  investigation  above  is, 
however,  by  no  means  general  in  its  application ;  as  there  are 
many  circumstances  which  modify  the  operation  of  friction,  and 
cause  deviations  from  this  law.  These  circumstances  will  be 
best  learnt  by  reflecting  upon  some  of  the  experiments  which 
have  been  made  relative  to  the  friction  of  bodies  in  motion.  Of 
such  experiments  we  shall  first  describe  those  of  Mr.  Professor 
Vince,  which  were  conducted  with  great  care  and  ingenuity,  and 
led  to  some  important  results.  The  object  of  this  philosopher 
was  to  determine  the  following  questions : 

1.  Whether  friction  be  a  uniformly  retarding  force  ? 

2.  .What  is  the  quantity  of  friction  ? 

S.  Whether  the  friction  varies  in  'proportion  to  the  pressure 
or  weight  ? 

4.  Whether  the  friction  be  the  same  on  whichever  of  its 
surfaces  a  body  moves  ? 

(1.)  With  respect  to  the  first  of  these  questions,  the  author 
truly  observes,  that  if  friction  be  a  uniform  force,  the  difference 
between  it  and  the  given  force  of  the  moving  power  employed 
to  overcome  it  must  also  be  uniform;  and  that  therefore  the 
moving  power,  if  it  be  a  body  descending  by  its  own  weight, 
must  descend  with  a  uniformly  accelerated  velocity,  just  as 
when  there  was  no  friction.  The  spaces  described  from  the 
beginning  of  the  motion  will  indeed  be  diminished  in  any  given 
time  on  account  of  the  friction;  but  still  they  must  be  to  each 
other  as  the  squares  of  the  times  employed. 

(2.)  A  plane  was  therefore  adjusted  parallel  to  the  horizon, 
at  the  extremity  of  which  was  placed  a  pulley,  which  could  be 
elevated  or  depressed,  in  order  to  render  the  string  which  con- 
nected the .  body  and  the  moving  force  parallel  to  the  plane. 
A  scale  accurately  divided  was  placed  by  the  side  of  the  pulley 
perpendicular  to  the  horizon,  by  the  sidie  of  which  the  moving 
force  descended ;  upon  the  scale  was  placed  a  moveable  stage, 
which  could  be  adjusted  to  the  space  through  which  the  moving 
force  descended  in  any  given  time ;  which  time  was  measured 
by"  a  well-regulated  pendulum  clock  vibrating  seconds.  Every 
thing  being  thus  prepared,  the  following  experiments  were 
made  to  ascertain  the  law  of  friction. 

(3^)  jEiTjp.  1.  A  bo4y  was  placed  upon  the  horizontal  plane, 
and  a  moving,  force  applied,  which,  from  repeated  trials,  was 

c2 
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found  to  descend  52^  inches  in  4P ;  for  by  the  beat  of  the  clock, 
and  the  sound  of  the  moving  force  ^hen  it  arrived  at  the  stage, 
the  space  could  be  very  accurately  adjusted  to  the  time :  the 
stage  was  then  removed  to  that  point  to  which  the  moving 
force  would  descend  in  2I\  upon  supposition  that  the  spaces 
described  by  the  moving  power  were  as  the  squares  of  the 
times ;  and  the  space  was  found  to  agree  very  accurately  with 
the  Ume :  the  stage  was  then  removed  to  that  point  to  which 
the  moving  force  ought  to  descend  in  2",  upon  the  same  sup^ 
position^  and  the  descent  was  found  to  agree  exactly  with  the 
time :  lastly,  the  stage  was  adjusted  to  that  point  to  which  the 
moving  force  ought  to  descend  in  1'',  upon  the  same  supposition, 
and  the  space  was  observed  to  agree  with  the  time.  Now,  in 
order  to  find  whether  a  difference  in  the  time  of  descent  could 
be  observed  by  removing  the  stage  a  little  above  and  below  the 
positions  which  corresponded  to  the  above  times,  the  experi- 
ment was  tried,  and  the  descent  was  always  found  too  soon  in 
the  former,  and  too  late  in  the  latter  case ;  by  which  the  author 
was  assured,  that  the  spaces  first  mentioned  corresponded  ex- 
actly to  the  times.  And,  for  the  greater  certmnty,  each  descent 
was  repeated  eight  or  ten  times ;  and  every  caution  usod  in  this 
experiment  was  also  made  use  of  in  all  the  following. 

Exp.  2.  A  second  body  was  laid  upon  the  horizontal  plane, 
and  a  moving  force  applied  which  descended  41  ^  inches  in  S" ; 
the  stage  was  then  adjusted  to  the  space  corresponding  to  ^', 
upon  supposition  that  the  spaces  descended  through  were  as 
the  squares  of  the  times,  and  it  was  found  to  agree  accurately 
with  the  time ;  the  stage  was  then  adjusted  to  the  space  corre- 
sponding to  r',  upon  the  same  supposition,  and  it  was  found 
to  agree  with  the  time. 

Jb^p.  3.  A  third  body  was  laid  upon  the  horizontal  plane, 
and  a  moving  force  applied,  which  descended  59^  inches  m  4P ; 
the  stage  was  then  adjusted  to  the  space  corresponding  to  8^, 
upon  supposition  that  the  spaces  descended  through  were  as 
the  squares  of  the  times,  and  it  was  found  to  agree  with  the 
time ;  the  stage  was  then  adjusted  to  the  space  corresponding 
to  2\  upon  the  same  supposition,  and  it  was  found  to  agree 
with  the  time ;  the  stage  was  then  adjusted  to  the  space  corre* 
sponding  to  1",  and  was  found  to  agree  with  the  time. 

Eo'p.  4.  A  fourth  body  was  then  taken  and  laid  upon  the 
horizontal  plane,  and  a  moving  force  appUed,  which  descended 
55  inches  in  4/';  the  stage  was  then  adjusted  to  the  space 
through  which  it  ou^ht  to  descend  in  3",  upon  supposition  that 
the  spaces  descended  through  were  as  the  squares  of  the  times, 
and  it  was  found  to  agree  with  the  time ;  the  stage  was  then 
adjusted  to  the  space  corresponding  to  S'',  upon  the  same  sup- 
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pontibn,  and  was  found  to  agree  with  the  time;  lastly^  the 
stage  was  adjusted  to  the  space  corresponding  to  1",  and  it  was 
found  to  agree  exactly  with  the. time. 

Besides  these  experiments,  a  great  number  of  others  were 
made  with  hard  bodies,  or  those  whose  parts  so  firmly  cohered 
as  not  to  be  moved  inter  se  by  the  friction ;  and  in  each  expe- 
riment, bodies  of  very  different  degrees  of  friction  were  chosen, 
and  the  results  all  agreed  with  those  related  above;  it  was 
therefore  concluded,  that  theJHctwn  of  hard  bodies  in  motion 
is  a  uniformly  retarding Jbrce. 

>  But  to  determine  whether  the  same  was  true  for  bodies  when 
covered  with  cloth,  woollen,  &c.  experiments  were  made  in 
order  to  ascertain  it ;  when  it  was  found  in  all  cases,  that  the 
retarding  force  increased  with  the  velocity ;  but,  upon  covering 
bodies  with  paper,  the  consequences  were  found  to  agree  with 
those  related  above. 

(4.)  Having  proved  that  the  retarding  force  of  all  hard 
bodies  arising  from  friction  is  uniform,  the  quantity  of  friction, 
conffldered  as  eauivalent  to  a  weight  without  inertia  drawing 
the  body  on  the  horizontal  plane  backwards,  or  acting  contrary 
to  the  moving  force,  may  be  immediately  deduced  from  the 
foregoing  experiments.  For  let  m  =  the  moving  force  expressed 
by  its  weight ;  f  =  the  friction ;  w  =:  the  weight  of  the  body 
upon  the  norizontal  plane;  8  z:  the  space  through  which  the 
mo^g  force  descenaed  in  the  time  t  expressed  in  seconds;  r 
n  16Vt  ^^^ '  ^^^^  ^h^  whole  a^K^lerative  force  (the  force  of 

gravity  being  unity)  will  be  — ^^  ;  hence,  by  the  laws  of  uni- 

formly  accelerated  motions, x  n^  =  s,  consequently  f  = 

M  •.  i^!llL.     To  exemplify  this,  let  us  take  the  case  of  die 

last  experiment,  where  m  =  7,  w  =  25|:,  s  =  4/^  f^^t,  tz=i4P; 

hence  f  =  7  —  .^^^^^  zr  6-417;   consequently  the  friction 

Was  to  the  weight  of  the  rubbing'  body  as  6«4167  to  26«76. 
And  the  great  accuracy  of  determining  the  friction  by  this  me- 
thod is  manifest  fix)m  hence,  that  if  an  error  of  1  inch  had 
been  made  in  the  descent  (and  experiments  carefully  made  maj 
always  determine  the  space  to  a  much  greater  exactness)  it 
would  not  have  affected  the  conclusion  -^^  part  of  the  whole. 

(6.)  We  come  in  the  next  place  to  determine,  whether  fric- 
tion,  casteris  paribus,  varies  in  proportion  to  the  weight  or 
pressure.  Now  if  the  whole  quantity  of  the  friction  of  a  body, 
measured  by  a  weight  without  inertia  equivalent  to  the  friction 
drawing  the  body  backwards,  increases  in  proportion  to  its 
weight,  it  is  manifest,  that  the  retardation  of  the  velocity  of  the 
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body  arising  from  the  friction  will  not  be  altered;  for  tlie' re- 
tardation varies  as     "^"'y^   "^^'Q°  .  hence,  if  a  body  be  put  in 

Quantity  of  matter   '  '  j  tr 

motion  upon  the  horizontal  plane  by  any  moving  force,  if  both 
the  weight  of  the  body  and  the  moving  force  be  increased  in 
the  same  ratio,  the  acceleration  arising  from  that  moving  force 
will  remain  the  same,  because  the  accelerative  force  varies  as 
the  moving  force  divided  by  the  whole  quantity  of  matter,  and 
both  are  increased  in  the  same  ratio ;  and  if  the  quantity  of 
friction  increases  also  as  the  weight,  then  the  retardation  arising 
from  the  friction  will,  from  what  has  been  said,  remain  the 
same,  and  therefore  the  whole  acceleration  of  the  body  will  not 
be  altered ;  consequently  the  body  ought,  upon  this  supposition, 
still  tQ  describe  the  same  space  in  the  same  time.  Hence,  by 
observing  the  spaces  described  in  the  same  time,  when  both  the 
body  and  the  moving  force  are  increased  in  the  same  ratio,  we 
may  determine  whether  the  friction  increases  in  proportion  to 
the  weights  The  following  experiments  were  therefore  made 
in  order  to  ascertain  this  matter.  « 

Exp,  1.  A  body  weighing  10  oz.  by  a  moving  force  of  4  oz. 
described  in  2'  a  space  of  31  inches;  by  loading  the  body  wtth 
10  oz.  and  the  moving  force  with  4  oz.  it  described  56  inches 
in  2'' ;  and  by  loading  the  body  again  with  10  oz.  and  the 
moving  force  with  4  oz.  it  described  63  inches  in  9,". 

Exp,  2.  A  body  whose  weight  was  16  oz.  by  a  moving  force 
of  5  oz.  described  a  space  of  49  inches  in  3" ;  and  by  loading 
the  body  with  64  oz.  and  the  moving  force  with  20  oz.  the 
space  described  in  the  same  time  was  o4  inches. 

Exp.  S,  A  body  weighing  6  oz.  by  a  moving  force  of  2^  oz. 
described  28  inches  in  2'' ;  and  by  loading  the  body  with  24  oz. 
and  the  moving  force  with  10  oz.  the  space  described  in  the 
same  time  was  54  inches. 

Exp.  4.  A  body  weighing  8  oz.  by  a  moving  force  of  4  oz. 
described  33^  inches  in  2" ;  and  by  loading  the  body  with  8  oz. 
and  the  moving  force  with  4  oz.  the  spacQ  described  in  the 
same  time  was  47  inches. 

Exp.  5.  A  body  whose  weight  was  9  oz.  by  a  moving  force 
of  4^  oz.  described  48  inches  in  2";  and  by  loading  the  body 
with  9  oz.  and  the  moving  force  with  4^  oz.  the  space  described 
in  the  same  time  was  60  inches. 

Exp.  6.  A  body  weighing  10  oz.  by  a  moving  force  of  3  oz. 
described  20  inches  in  2'';  by  loading  the  body  with  10  oz. 
and  the  moving  force  with  3  oz.  the  space  described  in  the 
same  time  was  31  inches ;  and  by  loading  the  body  again  with 
SO  oz.  and  the  moving  force  with  9  oz.  the  space  described  was 
S4  inches  in  2''. 
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From  these  experiments,  and  many  others  which  it  is  not 
necessary  here  to  relate,  it  appears,  that  the  space  described  is 
always  increased  by  increasing  the  weight  of  the  body  and  the 
accelerative  force  m  the  same  ratio ;  and  as  the  acceleration 
arising  from  the  moving  force  continued  the  same,  it  is.manifest, 
that  the  retardation  ansing  from  the  friction  must  have  been 
diminished,  for  the  whole  accelerative  force  must  have  been  in- 
creased on  account  of  the  increase  of  the  space  described  in  the 
same  time;  and  hence  (as  the  retardation  from  friction,  varies 

Quantity  of  friction  V    .,  ^'^        /-^  •  ,•         •  •         7 

as   Q»antit  of  m  iter  '^        quantity  ofjriclton  increases  in  a  less 
ratio,  titan  the  qiuxntity  of  matter  or  weight  qftM  body, 

.  (6.)  We  come  now  to  the  last  thing  which  it  was  proposed 
to  determine,  that  is,  whether  the  friction  varies  by  varying 
the  surface  on  which  the  body  moves.  Let  us  call  two  of  the 
surfaces  A  and  a^  the  former  being  the  greater,  and  the  rlatter 
the  less.  Now.  the  weight  on  every  given  part  of  a  is  as  much 
greater  than  the  weight  on  an  equal  part  of  a,  as  a  is  greater 
than  a;  if  therefore  the  friction  was  in  proportion  to  the 
weight,  cateris  paribus^  it  is  manifest^  that  the  friction  on  a 
would  be  equal  to  the  friction  on  a,  the  whole  friction  being, 
upon  such  a  supposition,  as  the  weight  on  any  given  part  of 
each  surface  multiplied  into  the  number  of  ^uch  parts,  or  into 
the  whole  jarea,  which  products,  from  the  proportion  above^  are 
equal.  But  from  the  last  experiments  it  has  been  proved,  that 
the  friction  on  any  given  surface  increases  in  a  less  ratio  than 
the  weight ;  consequently  the  friction  on  any  given  part  of  a 
has  a  less  ratio  to  the  friction  on  an  equal  part  of  a  than  a  has 
to.a ;.  and  hence  the  friction  on  a  is  less  than  the  friction  on  a, 
that  is,  the  smallest  surface  has  always  the  least  friction. 

As  this  conclusion  is  contrary  to  the  generally  received  opi- 
nion, Mr.  Vince  thought  it  proper  to  confirm  it  by  a.  set  of 
experiments  made  with  different  bodies  of  exactly  the  same  de- 
gree of  roughness  on  their  two  surfaces. 

Exp.  1.  A  body  was  taken  whose  flat  surface  was  to  its  edge 
as  22  :  9}  and  with  the  same  moving  force  the  body  described 
^on  its  flat  side  33^  inches  in  2",  and  on  its  edge  47  inches  in 
the  same  time. 

JSxp.  2.  A  second  body  was  taken  whose  flat  surface  was  to 
its  edge  as  32  :  3,  and  with  the  same  moving  force  it  described 
on  its  flat  side  82  inches  in  2",  and  on  its  edge  it  described  37i 
inchcEf. in  the  same  time. 

Exp.  8.  He  took  another  body  and  covered  one  of  its  sur- 
faces, whose  length  was  9  inches,  with  a  fine  rough  paper,  and 
by- apply bg  a.  moving  force,  it  described  26  inches  in  2'';  he 
then  took  off  some  paper  from  the  middle,  leaving  only /f  of 


jn  MECHANICS. 

an  inch  at  the  two  ends,  and  with  the  same  moying  force  it 
described  40  inches  in  the  same  time* 

Ea?p.  4.  Another  body  was  taken  which  had  one  of  its  sur« 
faces,  whose  length  was  9  inches,  covered  with  a  fine  rough 
paper,  and  by  applying  a  moving  force  it  described  4&  inches 
in  SI';  some  of  tne  paper  was  then  taken  off  from  the  middle, 
leaving  only  1|.  inches  at  the  two  ends,  and  with  the  same 
moving  force  it  described  54  inches  in  ^';  he  then  took  off 
mace  paper,  leaving  only  ^  of  an  inch  at  the  two  ends,  and  the 
body  then  described,  by  the  same  moving  force,  60  inches  in 
the  same  time. 

In  the  two  last  experiments  the  paper  which  was  taken  off 
the  surface  was  laid  on  the  body,  that  its  weight  might  not  be 
altered. 

Exp.  5.  A  body  was  taken  whose  flat  surface  was  to  its  edge 
as  SO  :  17;  the^^  side  was  laid  upon  the  horizontal  plane,  a 
moving  force  was  applied,  and  the  stage  was  fixed  in  order  to 
stop  the  moving  force,  in  consequence  of  which  the  body  would 
then  go  on  with  the  velocity  acquired  until  the  friction  had 
destroyed  all  its  motion ;  when  it  appeared  from  a  mean  of  1^' 
trials  that  the  body  moved,  aft^  its  acceleration  ceased,  Sc- 
inches before  it  stopped.  The  edge  was  then  applied,  and  the 
moving  force  descended  through  the  same  space ;  and  it  was 
found,  from  a  mean  of  the  same  numlier  of  trials^  that  the  space 
described  was  7-|- inches  before  the  body  lost  all  its  motion^ 
after  it  had  ceased  to  be  accelerated. 

Exp.  6.  Another  body  was  then  taken  whose  fiat  surface 
was  to  its  ed^e  as  60 :  19,  and  by  proceeding  as  before  on  the 
flat  surface,  it  described,  at  a  mean  of  12  trials,  5j.  inches,  land 
on  the  edge  6^^  inches,  before  it  stopped,  after  the  aoceleraticMi 
ceased. 

Exp.  7.  Another  bodv  was  taken  whose  flat  surface  was  to 
its  edge  as  26  :  3,  and  tne  spaces  described  on  these  two  sur- 
faces, after  the  acceleration  ended,  were,  at  a  mean  of  ten  trials, 
4|.  and  -^  inches  respectively. 

From  all  these  different  experiments  it  appears,  that  the 
smallest  surface  had  always  tne  least  friction,  which  agrees 
with  the*consequence  deduced  from  the  consideration  that  the 
friction  does  not  increase  in  so  great  a  ratio  as  the  weight ;  we 
may  therefore  conclude,  that  thejriction  of  a  body  does  not 
continue  the  same  when  it  has  different  surfaces  applied  to  the 
plane  on  which  it  nwoeSj  but  that  the  smallest  surface  mil  hafoe 
the  least  friction. 

To  the  experiments  instituted  by  Mr.  Ferguson  and  others, 
from  which  conclusions  have  been  drawn  so  different  from 
these,  this  author  makes  the  following  (Ejections :  It  was  Uieir 
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object  to  find  what  moving  force  would  just  put  a  body  at  rest 
in  motion ;  and  having,  as  they  thought,  found  it,  they  thenoe 
concluded,  that  the  accelerative  force  was  then  equal  to  the 
friction.  But  it  is  manifest,  as  Mr.  Vince  observes,  that  any 
force  which  will  put  a  body  m  motion  must  he  greater  than  the 
force  which  opposes  its  motion,  otherwise  it  could  not  over- 
come it;  and  hence,  if  there  were  no  other  objection  than  this, 
it  is  evident,  that  the  friction  could  not  be  very  accurately  ob- 
tained :  but  there  is  another  objection  which  totally  destroys 
the  experiment  so  far  as  it  tends  to  show  the  quantity  of  friction, 
which  is  the  strong  cohesion  of  the  bod}'  to  the  plane  when  it 
lies  at  rest ;  and  this  is  confirmed  by  the  following  experiments. 
1st,  A  body  of  IS^oz.  was  laid  upon  an  horizontal  plane,  and 
then  loaded  with  a  weight  of  81b.  and  such  a  moving  force  was 
applied  as  would,  when  the  body  was  just  put  in  motitni,  con- 
tinue that  motion  without  any  acceleraticm ;  in  which  oAe  the 
friction  must  be  iust  equal  to  the  accelerative  force.  The  body 
was  then  stopped,  when  it  appeared,  that  the  same  moving  force 
which  had  kept  the  body  in  motion  before  would  not  fm^  it  in 
motion,  and  it  was  found  necessary  to  take  off  4^  oz«  from  the 
body  before  the  same  moving  force  would  put  it  in  motion ; 
it  appears,  therefore,  that  this  body,  when  laid  upon  the  plane 
at  rest,  acquired  a  very  strong  cohesion  to  it  ^ly,  A  body 
whose  weight  was  16oz.  was  laid  at  rest  upon  the  horizontal 
plane,  and  it  was  found  that  a  moving  force  of  6  oz.  would  just 
vut  it  in  motion ;  but  that  a  moving  force  of  4oz.  would^  wnen 
It  was  just  put  in  motion,  continue  that  motion  without  any 
acceleration,  and  therefore  the  accelerative  force  must  then  have 
been  equal  to  the  friction,  and  not  when  the  moving  force  of 
6oz.  was  applied. 

From  these  experiments  therefore  it  appears,  how  very  con^* 
inderable  the  cohesion  was  in  proportion  to  the  friction  when 
the  body  was  in  motion ;  it  being,  in  the  latter  case,  almost  j-, 
and  in  the  former  it  was  found  to  be  very  nearly  equal  to  the 
whole  friction.  All  the  conclusions  therefore  deduced  from 
the  experiments,  which  have  been  instituted  to  determine  the 
friction  from  the  force  necessary  tojmi  a  body  in  motion  (and 
very  few  have  been  described  but  upon  such  a  principle)  have 
manifestly  been  totally  false ;  as  such  experiments  only  show 
the  resistance  which  arises  from  the  cohesion  and  friction  con-» 
jointly. 

Mr.  Vince  concludes  this  part  of  the  subject  with  a  remark 
upon  art.  5.  ''  It  appears  (says  he)  from  all  the  experiments 
which  I  have  made,  that  the  proportion  of  the  increase  of  the 
friction  to  the  increase  of  the  weight  was  different  in  all  the 
different  bodies  which  were  made  use  of ;  no  general  rule  there- 
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fore  can  be  established  to  determine  this  for  all  bodies,  and  the 
experiments  which  I  have  hitherto  made  have  not  been  suf- 
ficient to  determine  it  for  the  same  body." 

Such  are  the  results  of  Mr.  Vince's  ingenious  experiments. 
He  founds  upon  them  a  theory  which  the  curious  reader  may 
peruse  in  the  Philosophical  Transactions,  Vol.  75*  or  Nos.  65, 
66.  of  TillocKs  Philosophical  Magazine,  but  which  is  not  in- 
serted here,  as  it  does  not  seem  readily  applicable  to  any  prac- 
tical cases. 

'  27.  An  ingenious  engineer,  Mr.  John  Southern  of  Bir- 
mingham, made  a  series  of  experiments  upon  mills  used  for 
turning  grindstones,  with  a  view  of  corroborating  Mr.  Vince^s 
position  ttiat  Friction  is  a  uniform  retarding  force.  And  these 
experiments  are  the  more  worthy  of  notice  as  they  were  made 
on  heavy  machinery,  with  considerable  variation  of  velocity  of 
the  nibbing  surface,  and  great  spaces  rubbed  over :  the  weight 
which  caused  the  friction  being  upwards  of  33  cwt.,  the  velocity 
of  the  rubbing  surfaces  4  feet  per  second  at  the  greatest,  and 
the  length  of  surface  rubbed  over  about  1000  feet  at  a  medium* 
These  experiments  seem  to  confirm  the  opinion  that  friction  is 
a  uniform  resistance,  at  least  where  the  rubbing  surface  moves 
with  a  velocity  of  from  9  inches  to  4  feet  per  second ;  and  Mr. 
Southern  concludes  from  them,  that  in  favourable  cases  it  does 
not  exceed  tJie  fortieth  part  of  the  pressure  or  weight  that  oc- 
casions it. 

The  experiments  from  which  these  inferences  are  deduced, 
are  described  in  No.  66.  of  the  Philosophical  Magazine  just 
referred  to. 

28.  M.  Coulomb  has  an  extensive  paper  on  the  subject  of 
Friction,  in  vol.  10.  "  Des  Memoires  des  Savants  Strangers  ;^ 
where  he  describes  his  experiments  at  considerable  length,  and 
deduces  from  them  an  elaborate  theory.  We  cannot  here  enter 
into  the  detail  of  all  these  experiments :  but  shall  merely  state 
M.  Coulomb's  principal  results. 

This  author's  conclusions  are  widely  different  from  Mr. 
Vince's  in  one  important  particular :  for  ne  asserts  that  fcceteris 
paribtis)  the  friction  is  proportional  to  the  pressure.  The  mean 
ratios  of  friction  to  pressure,  given  by  Bl.  Coulomb's  experi- 
ments for  different  kinds  of  wood,  are  as  follow,  the  pressure 
being  denoted  by  unity  : 

Oak  against  oak      .     .     .0*43 
Oak  against  fir     .  .0*65 

Fir  against  fir     .       .       .    0-56 
Elm  against  elm      .     .     .    0«47 
the  friction  being  made  in  the  direction  of  the  threads  or  fibres 
of  the  wood.     But  when  the  friction  is  made  aa-oss  the  grain 
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of  the  woocU  or  so  that  the  direction  of  the  fibres  forms  a  right 
angle  with  that  of  the  motion,  the  friqtion  is  less  than  in  the 
former  case,  but  still  in  a  constant  ratio  to  the  pressure ;  the  re- 
sults being  then  as  below : 

Oak  against  fir  .  .  .  0*158 
Fir  against  fir  .  .  .0.167 
Elm  against  elm       .       .     0*100 

These  ratios  are  constant  quantities,  not  depending  upon  the 
velocities,  except  in  the  case  of  elm  when  the  pressures  are  very 
small,  for  then  the  friction  increases  sensibly  with  the  velocity. 

M.  Coulomb  gives  the  following  general  summary. 

"  (1.)  The  friction  of  wood  sliding  over  wood  (both  being 
dry)  op]X)ses  after  a  sufficient  time  of  quiescence  a  reastance 
proportional  to  the  pressure ;  that  resistance  sensibly  increa»ng 
m  the  first  instants  of  repose :  but  after  some  minutes  it  usually 
arrives  at  its  maximum  or  its  limit. 

.  "  (2.)  When  wood  glides  dry  over  wood  with  any  velocity 
whatever,  the  friction  is  still  proportional  to  the  pressure ;  but 
its  intensity  is  much  less  that  that  which  is  experienced  in  de- 
taching the  surfaces  after  some  minutes  of  rest;  it  has  been 
found,  for  example,  that  the  force  necessary  to  detach  and 
produce  a  sliding  motion  in  two  surfaces  of  oak  after  some 
minutes  of  quiescence,  is  to  that  necessary  to  overcome  the 
friction  when  the  surfaces  have  obtained  any  degree  of  velocity 
whatever,  nearly  as  9  to  2. 

"  (3.)  The  friction  of  metals  sliding  over  metals,  without 
oiling,  is  also  proportional  to  the  pressures ;  but  its  intensity  is 
the  same,  whether  the  surfaces  are  detached  after  having  been 
any  time  in  repose,  or  whether  they  preserve  any  uniform  ve- 
locity whatever. 

'^  (4.)  Heterogeneous  surfaces,  such  as  woods  and  metals 
sliding  the  one  over  the  other,  without  oiled  surfaces,  give  for 
their  friction  results  very  difierent  from  the  preceding  ones :  for 
the  intensity  of  their  friction  relatively  to  the  time  of  repose  in« 
creases  slowly,  and  does  not  attain  its  limit  till  after  four  or  five 
days,  and  sometimes  more ;  iqstead  of  which,  in  metals  the  limit 
is  attained  in  an  instant,  and  in  wood  in  a  few  minutes :  this 
augmentation  is  even  so  slow  that  the  resistance  due  to  the 
friction  in  insensible  velocities  is  almost  the  same  as  that  which 
we  must  surmount  in  moving  or  detaching  the  surfaces  after 
three  or  four  seconds  of  rest.  And  this  is  not  all :  in  wood 
gliding  unoiled  over  wood,  and  in  metals  sliding  over  meta)s, 
the  velocity  has  very  little  influence  upon  the  friction ;  but 
here  the  friction  increases  very  sensibly  in  proportion  as  the 
velocities  are  augmented ;  in  such  manner  that  the  friction  in- 
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creases  nearly  according  to  an  arithmetical  progression,  when 
the  velocities  increase  in  a  geometrical  progression.^' 

The  ratio  of  the  friction  to  the  pressure  (1)  when  oak  was 
made  to  slide  over  iron,  was  founds  from  forty  experiments,  to 
be  as  here  stated:  when  the  velocity  was  almost  insensible, 
•0894,  0773,  -0785,  and  0786:  when  the  velocity  was  about  a 
foot  per  second,  .1698,  -172^,  1817,  and  .1673. 

'29.  When  metals  slide  upon  wood  done  over  with  grease, 
the  friction,  says  M.  Coulomb,  "  appears  much  softened,  and 
we  may  produce  insensible  velocities  with  degrees  of  traction 
less  considerable  than  in  all  the  other  species  of  friction ;  but 
when  the  velocities  have  been  a  little  augmented,  we  have 
found  that  the  friction  increases  greatly  with  respect  to  the  ve- 
locity, as  was  the  case  when  we  made  unoiled  metals  slide  upon 
wood ;  and  we  have,  for  the  relation  of  the  augmentation  of 
velocities  and  the  degree  of  traction  which  produced  that 
augmentation,  nearly  the  same  law  with  that  we  sought  to  de- 
termine in  the  friction  of  metals  sliding  dry  upon  wood :  but  if 
tbe  greasing  be  not  renewed  at  each  experiment,  it  coagulates^ 
changes  its  nature,  and  the  friction  successively  augments. 

*'  When  the  surfaces  are  done  over  with  tallow,  the  ratio  of 
the  friction  to  the  pressure  is  greater  under  pressures  of  about 
60  pounds,  than  under  greater  pressures. 

"  With  coatings  (enduits,  plasters)  of  cart-grease,  the  friction 
is  never  less  than  |.  of  the  pressure.  Its  resistance  depends  upon 
the  consistence  of  the  coating,  and  the  friction  augments  sen- 
sibly as  this  coating  is  softer.  When  the  surfaces  are  done  over 
with  tallow,  and  are  of  great  extent,  the  friction  corrupts  or 
changes  the  nature  of  the  tallow,  and  augments  sensibly  as  we 
continue  the  motion  without  renewing  Uie  coating:  yet  it  is 
always  found  less  than  j-  of  the  pressure.  But  when  the  tallow 
is  dissolved  to  an  oil,  this  effect  is  less  sensible.^' 

M.  Coulomb's  experiments  on  the  friction  of  axes  will  be  de- 
scribed farther  on. 

On  comparing  the  results  of  Mr.  Vince's  experiments  with 
those  of  M.  Coulomb's,  already  referred  to,  it  will  be  seen  that 
our  knowledge  on  this  branch  of  the  sul^ect  is  very  far  from 
being  so  certain  and  satisfactory  as  is  desirable.  We  may, 
however,  now  deduce  a  few  practical  inferences  from  the  pre- 
ceding articles. 

(1.)  Friction  is  diminished  by  making  the  surfaces  smooth 
which  move  upon  each  other.  But  there  is  a  limit  to  this 
smoothness ;  for  the  surfaces  may  be  so  highly  polished  as  to 
render  the  attraction  of  cohesion  very  sensible. 

(2.)  Friction  is  diminished  by  anointing  the  rubbing  surfiuM 
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widi  Bonie  unctuous  matter.  Thus,  in  wood  acting  a^nst 
wood,  olive  cnl  reduces  the  friction  to  nearly  its  half,  and  metals 
Oiled,  have  less  friction  than  when  polished* 

(3.)  Friction  is  diminished  by  diminishing  the  surfaces  in 
contact.  But  this  has  a  limit :  for  if  the  moving  surface  be 
very  thin,  and  the  other  soft,  the  former  will  plough  a  groove 
in  the  latter,  and  thus  have  the  friction  increased. 

(4.)  Friction  is  diminished  by  disposing  the  parts  of  a  ma- 
chine in  such  a  manner,  that  the  ratio  of  the  velocity  of  the 
parts  which  rub  against  each  other  to  the  velocity  of  the  power, 
may  be  as  small  as  possible. 

(5.)  Friction  is  ^eatly  diminished  by  causing  the  body  to 
roll  instead  of  slidmg  along  the  surface.  This  is  in  fact  a 
distinct  species  of  friction,  and  will  come  under  consideration 
more  fully  soon. 

(6.)  Hence  in  many  machines,  lest  the  friction  should  employ 
a  great  part  of  the  power,  care  is  to  be  taken  that  no  part  ot  the 
machine  slide  along  another  if  it  can  be  avoided ;  but  rather  that 
the  parts  should  roll  or  turn  upon  each  other.  With  this  view 
it  will  be  proper  to  lay  the  axes  of  cylinders,  &c.  not  in  a  groove 
or  concave  matrix,  as  is  usual,  but  upon  a  horizontal  bar  with  two 
vertical  pieces  to  keep  such  axes  from  rolling  off,  or^  between 
little  wheels  called^^ic^ion  wheels,  moveable  on  their  respective 
axes :  for,  by  this  contrivance,  the  friction  is  transferred  from 
the  circumference  of  those  wheels  to  their  pivots.  And  in  like 
manner  the  friction  may  be  still  further  diminished  by  making 
the  axes  of  those  wheels  rest  upon  other  friction  wheels  that 
turn  round  with  them.  For  the  same  reason  friction  balls  or 
Tcdlers  have  been  placed  within  the  naves  of  carriage  wheds ; 
and  in  Mr.  6amett'*s  patent  fat  an  improved  manner  of 
applying  friction  wheels  to  any  axis,  as  of  carriages,  blocks, 
pulleys,  scale-beams,  &c.  the  wheels  or  rollers  are  kept  always 
at  the  same  distance  by  connecting  rods  or  bars. 

(7.)  Friction  is  diminished  by  causing  the  surface  of  one  kind 
of  substance  to  run  not  upon  the  same  kind  of  matter,  but  a 
surface  of  another  material  equally  polished*  Thus,  pivots  of 
steel  meet  with  less  friction  when  they  slide  in  grooves  of  cop- 
per, than  when  the  grooves  are  of  steel  also. 

(8.)  As  to  friction  in  the  mechanical  powers:  1.  The  simple 
lever  has  no  such  resistance,  unless  the  place  of  the  fulcrum  is 
changed  during  the  operation.  S.  In  tne  wheel  and  axle,  the 
friction  on  the  axis  is  nearly  as  the  weight  upon  it,  the  diameter 
of  the  axis,  and  die  angular  velocity*  This  sort  of  friction, 
however,  is  very  smalL  3.  The  friction  of  the  pulley  is  very 
considerable  when  the  sheaves  rub  against  the  Mocks.  4.  There 
is  also  very  great  friction  in  the  screw :  if  the  screw  has  a  square 
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thread  it  will  raise  a  weight  more  easily  than  one  with  a:  trian- 
gular thread :  but  in  most  if  not  all  screws  the  friction  is  equal 
to  the  power.  5.  In  the  inclined  plane  the  friction  varies 
according  as  the  body  rolls  or  slides ;  the  friction  in  the  latter 
case  being  far  the  greatest.  6.  In  the  wedge  the  friction  is  at 
least  equal  to  the  power,  since  the  wedge  retains  any  position  it 
is  driven  into. 

29.  A.  The  memoir  of  the  same  philosopher  on  the  friction 
of  pivots,  is  inserted  among  the  Memoirs  of  the  Paris  Academy 
for  the  year  1790.  Though  it  has  been  so  long  published,  it  is 
scarcely  known  even  in  France:  yet  as  the  experiments  de- 
scribed, are  very  interesting,  and  furnish  some  important  results, 
it  will  be  right  to  give  an  account  of  them. 

Bodies  which  are  made  to  turn  upon  pivots  are  usually  sus- 
pended by  means  of  a  cheek,  socket,  or  collar,  of  very  hard 
matter.  The  collar  has  its  cavity  of  a  conic  form,  and  ter- 
minated at  its  summit  by  a  little  concave  segment,  whose  radius 
of  curvature  is  very  small.  The  point  of  the  pivot  which  is 
sustained  by  this  collar  forms  at  its  summit  a  little  convex  sur- 
face, whose  radius  of  curvature  should  be  still  smaller  than  that 
of  the  extremity  of  the  cheek.  Experience  evinces  that  the 
curvature  of  the  bottom  of  the  socket  is  irregular,  and  that  the 
friction  of  a  collar  of  agate  on  which  a  pivot  turns,  is  frequently 
five  or  six  times  more  considerable  than  the  momentum  ofjTic~ 
Hon  of  a  well-polished  plane  of  agate  on  which  the  same  pivot 
turns. 

These  considerations  induced  M.  Coulomb  to  employ  in  the 
course  of  his  experiments,  not  a  cheek  or  a  socket,  but  a  wellr 
polished  plane,  to  support  the  body  on  the  point  of  a  pivot.  To 
*  prevent  the  body  from  sliding  he  took  care  that  its  centre  of 
gravity  should  be  very  low,  with  respect  to  the  point  of  sus- 
pension: he  then  made  the  body  to  whirl  or  spin  about  its 
pivot,  by  impressing  upon  it  a  rotatory  motion.  By  means  of 
a  seconds  watch,  he  observed  exactly  the  time  employed  by  the 
body  in  making  the  first  four  or  five  turns,  and  tie  thence  de- 
duced easily  a  mean  turn  to  determine  the  primitive  velocity : 
after  this  he  counted  the  number  of  turns  which  the  body  made 
before  it  stopped. 

Coulomb  took  a.^lass  bell  of  48  lines  in  diameter  and  60  lines 
in  height,  which  weighed  5  ounces.  He  placed  it  on  the  point 
of  a  pivot ;  and  after  giving  it  successive  degrees  of  velocity 
about  that  pivot,  he  observed  very  exactly  the  time  that  it  em- 
ployed to  make  the  first  turn,  which  gave  him  for  the  mean  ve- 
locity that  which  answered  to  the  half  of  such  first  turn.  He 
then  estimated  the  number  of  turns  made  by  the  bell  before  it . 
stopped :  the  results  wer^  as  below — • 
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Ut  Trial.  The  bell  made  one  turn  in  4/',  ,and  came  to  rest 
after  84-y^  turns. 

2d  Trial.  The  bell  made  one  turn  in  6^",  and  stopped  after 
14^  turns. 

3d  Trial.  .The  bell  made  one  turn  in  11",  and  stopped  after 
4|^  turns. 

Now  if  b  denote  the  primitive  velocity,  x  the  space  described 
between  the  commencement  and  the  end  of  the  motion,  a  the 

constant  momentum  of  the  retarding  force ;  f^  the  sum  of  the 

products  of  every  particle  ft,  by  the  square  of  its  distance  r  from 
the  axis  of  rotation,  divided  by  the  quantity  a,  measuring  the 
distance  from  the  axis  of  rotation  to  the  point  whose  primitive 
velocity  is  b,  it  is  easy  to  find  the  following  analytical  expression 
for  the  constant  momentum  of  the  visretardatrix^  viz. 

But,  because  in  the  three  preceding  trials,  the  same  bell  was 

employed,thequantityy —  isthe  same  : —  must  therefore  be 

a  constant  quantity  if  a  be  constant,  and  reciprocally.  But  in 
each  trial  there  was  reckoned  the  time  employed  by  the  appa- 
ratus in  performing  an  entire  revolution.  The  mean  velocity, 
or  the  velocity  due  to  the  half  of  each  first  revolution,  will, 
therefore,  be  measured  by  the  circumference  run  over.  The 
space  described  up  to  the  end  of  the  motion,  will  be  measured 
by  the  number  of  turns  run  through  from  the  instant  where 
the  mean  velocity  was  determined  until  the  end  of  the  motion. 
Thu6  by  computing  from  the  data  furnished  by  the  three  trials, 
we  may  form  the  following  table : 

1^^  Trial.  1  turn  in  4'',  stopsat  34^  turns,  whence  results   =-pJy 

M  Trial.      .     .     6^"     .     .  14-j-V       ......     zz^-f^ 

Sd  Trial.      .     .  IV      .     .     4^ zr^j^ 

This  experiment,  then,  shows  unequivocally  that  the  quantity 
— ,  and  consequently  the  quantity  a  which  expresses  the  mo- 
mentum of  friction,  are  constant  quantities,  whatever  be  the 
primitive  degree  of  velocity ;  and  that,  consequently,  the  velo- 
city has  not  any  influence  upon  the  resistance  due  to  the  friction 
of  pivots,  which  from  this  experiment  is  necessarily  proportional 
to  a  function  of  the  pressure. 

When  this  experiment  is  made  in  a  vacuum,  a  much  less 
heavy  body  may  be  employed,  and  of  any  form  whatever,  and 
the  same  result  will  be  obtained. 
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In  other  experiments  Coulomb  bent  a  brass  wire  of  9  indies 
in  length  \  the  parallel  branches  were  S4  lines  distant  from  one 
another ;  the  port  of  the  wire  curved  in  the  form  of  a  semicircle 
which  joined  tne  two  branches  was  about  3  inches  long ;  and  the 
two  vertical  and  parallel  branches  were  also  each  3  inches  long. 
To  the  extremity  of  each  vertical  branch  was  attached  by  means 
of  wax  a  piece  of  metal^  and  there  was  fixed,  in  like  manner, 
in  the  middle  of  the  concave  part  of  the  wire,  to  serve  for  the 
cheek  or  bush,  a  small  well-poUshed  plane  of  different  substances 
on  which  the  friction  of  the  point  of  the  pivot  was  to  be  deter- 
mined :  finally,  there  was  fixed  to  the  summit  of  a  suppcMt  a 
little  needle  of  tempered  steel,  and  whose  point  it  was  necessary 
to  render  more  or  less  fine,  rounded,  or  obtuse,  according  to  the 
nature  of  the  cheeks,  and  to  the  pressure  which  they  were  to 
experience.  The  extremity  of  the  needle  first  used  by  Coulomb, 
appeared,  when  examined  by  a  microscope,  to  form  a  conic 
angle  of  18  or  20  degrees.  The  friction  of  this  needle  against 
well-polished  planes  of  ^anite,  agate,  rock  crystal,  glass,  and 
tempered  steel  respectively,  was  tried ;  and  the  result^  taking  in 

each  experiment  the  mean  quantity  represented  by  —  (a  quantity 

which  was  always  found  to  vary  between  very  narrow  limits), 
gave  the  momentum  of  friction  of  the  point  of  tne  needle  against 
the  planes  of  granite,  agate,  &c«  respectively,  in  the  ratio  of  the 

fractions  -r^rrs*)  jtT9  tjt'  tjt^  fiy «  ^  ^^^^  ^^^  momentum  of 
friction  of  the  plane  of  granite  being  represented  by  unity,  we 
shall' have  for  the  momentum  of  the  friction  of  rotation  relative 
to  the  other  substances  as  below :  friction  of  granite,  1 ;  of 
agate,  1*214;  of  rock  crystal,  1  •SIS ;  of  glass,  1*  777;  of  steel, 
2257. 

Coulomb  likewise  employed  himself  during  these  experiments, 
in  determining  the  more  or  less  acute  form  which  should 
be  ^ven  to  the  points  of  the  pivots.  To  this  end  he  caused  to 
be  successively  rounded  into  cones  of  greater  or  less  acuteness, 
the  extremity  of  a  steel  needle,  that  it  might  thence  appear 
whether  the  change  of  figure  had  any  influence  upon  the  fric- 
tion.  Thus  he  found  that,  under  a  certain  charge,  the  point  of 

the  pivot  being  shaped  to  45  degrees,  the  quantity  —  was,  for 

granite,  ,-5^5- ;  agate,  ^Vs^ ;  glass,  tt^W  ;  tempered  steel,  y^Vy. 

Coulomb  then  gave  to  the  point  a  more  acute  form,  so  that 

the  angle  of  the  cone  which  terminated  it  could  pot  be  more 

than  6  or  7  degrees;  and  he  founds  still  retaining  the  same 

charge  or  pressure  as  before,  that  the  quantity  —  was,  for 

agate,  ^ ;  glass,  ^ ;  tempered  steel,  ^hj- 
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Coinparing  from  these,  and  other  experiments,  the  momentum 
of  friction  of  rotation  of  the  point  of  different  pivots  against  a 

plane  of  agate,  he  found  that  the  quantity  —  which  varies  as 

that  momentum,  was,  for  a  pivot  of  45°,  -jtW^  ;  a  pivot  of  15**, 
TTriy^;a  pivot  of  6%  ^ 

After  this,  Coulomb  varied  the  charge  in  his  experimentSy 
and  determined  the  relative  momentum  of  friction  of  pivots 
under  diiSerent  pressures.  But  without  going  further  into  de- 
tail, we  may  give  the  following  as  the  principal  deductions  from 
the  whole. 

1.  That  the  friction  of  pivots  is  independent  of  the  velocities, 
being  merely  as  a  function  of  the  pressure. 

2.  That  the  friction  of  granite  is  less  than  that  of  glass. 

3.  That  the  fi^re  of  the  point  of  the  pivot,  as  to  acuteness, 
affects  the  quantity  of  friction ;  in  such  manner  that  when  we 
cause  to  whirl  upon  the  point  of  a  needle,  a  body  weighing 
more  than  5  or  6  drams,  the  most  advantageous  angle  for  that 
point  appeared  to  be  from  SO**  to  45** ;  under  a  less  pressure, 
the  angle  might  be  progressively  diminished,  without  the  fric- 
tion bemg  perceptibly  augmented :  it  may  even  without  great 
inconvenience  be  reduced  to  10**  or  12**  with  good  steel,  when 
the  charge  does  not  exceed  100  grains :  an  important  consider- 
ation in  the  suspension  of  light  bodies  upon  cheeks  or  sockets. 

These  rules  may  be  useful  to  the  makers  of  chronometers. 

29  B.  In  some  cases,  nay,  in  several,  the  object  of  the  me- 
chanist is  not  to  destroy  or  to  diminish  friction ;  but  to  creaie 
it.  Friction  furnishes  the  most  simple  and  efficacious  means 
rf  checking  and  destroying  motion.  Thus,  in  comolex  ma- 
chines, friction  is  augmented  by  transferring  it  from  the  centre 
to  the  circumference  of  a  wheel ;  but  simpler  methods  are  often 
employed,  as  when  the  motion  of  a  ship  is  checked  by  the  rub- 
bing of  a  rope  against  the  circumference  of  a  post  about  which 
it  is  coiled. 

Professor  Leslie  has  thus  examined  the  nature  of  this  species 
of  friction.  Let  a  flexible  cord  PABca  wind  about  the  circum- 
ference  of  a  pulley  or  cylinder,  of  centre  o,  radius  OA,  ob,  &c. 
so  as  to  be  in  contact  with  a  part  of  it,  and  let  a  weight  v, 
at  one  end  of  the  cord,  be  drawn  by  a  force  q  at  the  other 
end,  the  cord  rubbing  against  the  portion  abc  of  the  cylinder. 
[The  figure  may  at  once  be  sketched  from  the  description-] 
The  pressure  of  the  cord  against  the  cylinder  at  any  point  will 
be  in  proportion  to  the  degree  of  Its  inflexion.  Conceive  the 
arc  ABC  to  be  divided  into  elementary  portions,^  then  will  the 
tension  of  the  cord  in  the  direction  of  a  tangent  as  at  b,  be,  to 
the  pressure  of  the  element  6b,  as  the  radius  ob  to  Jb.     If  1 :  w 

VOL.  II.  ^ 
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denote  the  ratio  of  the  pressure  of  fts  to  its  friction  — - —  will 

express  the  proportional  increase  of  tension  from  &  to  B.  Sup- 
pose the  successive  tensions  to  be  represented  by  p,  p',  p",  &c. 

then  p'  —  p  =:  p  ^'  ' ,  p"  —  p'  ==  p'«  ^*  ',  &c.  consequently, 

the  hyp.  log.  of  —  =  — =  m  •  angle  Aoc,  Hence,  as- 
suming equal  angles  about  the  centre  o,  the  oorremonding  ten- 
sions will  constitute  a  geometrical  progression.  Thus,  if  ABC 
were  a  quadrant,  and  a  weight  p  of  1  pound  balanced  a  traction 
of  2  pounds  at  c,  it  would  uphold  4  pounds  at  the  end  of  the 
semicircumference,  8  pounds  at  270®,  16  pounds  at  a  complete 
revolution ;  256  lbs,,  4096  lbs.  and  66586  lbs.  at  the  end  of  2, 
8,  and  4  convolutions.  Thus  it  appears  that  the  augmentation 
of  friction  is  extremely  rapid ;  and  that  after  a  very  few  coils 
of  the  cord  a  small  weight  will  suiSce  to  support  a  most  enor- 
mous load. 

The  practical  result  differs  onljr  in  a  small  degree  from  this 
result  of  an  assumed  theory ;  and  it  is  modiiSed  exceedingly  by 
a  change  in  the  magnitude  of  the  cylinder.  Hence,  the  firm- 
ness procured  by  the  wrapping  of  cordage ;  and  hence  is  de- 
■rived  the  principle  of  some  fire-escapes  and  other  engines,  in 
which  the  celerity  of  descent  from  a  great  height  is  diminished, 
and  the  shock  against  the  ground  rendered  comparatively  gentle 
•^nd  safe.     An  analagous  principle  occurs  in  the  next  inquiry. 

80.  Since  cords  and  ropes  are  not  perfectly  flexible,  it  be- 
comes necessary  in  estimating  the  advantages  of  pulleys,  cap- 
stans, &c.  to  make  some  allowance  for  this  want  of  flexibility: 
in  this  case  we  may  have  recourse  to  a  theory  which  is  far  more 
satisfactory  than  any  which  has  yet  been  invented  with  regard 
to  friction,  and  which  accords  far  better  with  experiment.  The 
most  useful  formulae  may  be  deduced  in  a  very  small  compass. 
Thus,  let  AC=CBi=r,  the  radius  of  a  DuUey  (fig.  3.  pi.  I.)  and 
two  weights  w  and  q  in  equilibrio :  if  w  should  prevail,  it  is 
obvious  that  the  cord  na  becomes  in  the  upper  part  bent  so  as 
to  fit  to  the  groove  of  the  pulley,  and  in  the  lower  part  bent  in- 
wards so  as  to  fall  into  the  vertical  6w :  if  the  cord  be  tolerably 
flexible,  the  curving  is  pretty  regular  from  b  almost  down  to 
w:  but  if  the  cord  be  very  rigid,  bew  and  adq  are  found  to  be 
nearly  straight  lines,  but  neither  of  them  vertical ;  the  weight 
Q  being  found  to  hang  vertically  below  some  pomt  as  o,  making 
ca  greater  than  ca,  and  the  weight  w  hanging  below  some  point 
*  where  c6  is  less  than  cb.  So  that  as  the  arm  of  the  lever  at 
which  one  of  the  forces  acts  is  become  greater,  and  that  of  the 
other  less  than  r,  the  condition  of  equilibrium  is  no  longer  w=a. 
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When  the  cord  is  only  moderately  rigid,  as  in  most  practical 
cases,  the  distance  b£  is  Always  found  so  extremely  small  diat 
it  may  be  safely  neglected  in  the  discussion ;  that  is,  we  need  in 
such  cases  pay  no  regard  to  the  want  of  flexibility  in  the  part 
^Ew  corresponding  to  the  weight  w  which  is  supposed  to  pre- 
vail ;.  but  merdy  inquire  into  that  of  the  part  ada  by  which 
the  other  weight  is  suspended.  Hence,  if  we  put  Aa  zi:  9,  the 
conditipn  of  equilibrium  will  be  expressed  thus : 

wr  =  Q  (r  +  q). 
From  this  it  results,  that  if  w  —  q  be  the  magnitude  by  which 
we  should  augment  the  power,  that  it  may  be^on  the  point  of 
prevailing ;  and  if  we  have  regard  to  the  stiffness  of  tne  cord, 

this  magnitude  will  be  w  —  a  =:  a  •  -^.    Consequently,  to  in- 

troduce  the  consideration  of  the  stiffness  of  the  cord  employed  in 
a  machine^  we  have  arJy  to  suppose  that  the  arm  of  the  lever 
at  which  thfi  resistance  acts  is  greater  than  it  rewy  i^i  Pjf  (^ 
determinate  quantitj/  q. 

It  remains,  then,  to  ascertai^  this  qqantity  q:  in  order  to 
wbi(^,  it  mav  be  observed  th^t  4  cord  resists^  on  two  s^fxaants^ 
the  efforts  which  are  maide  to  bend  it«  The  first  is  di^  to  the 
tension  of  the  coird,  apd  is  prpportional  to  it,  it  will  therefore 
te  =  iQ ;  the  second  jis  due  to  its  warping  or  twist^p^,  and  W0 
may  represent  by  a  the  force  employed  to  overcoode  it.  Heoe 
a  and  0  ure,  as  is  wanifest,  variable  ooeflE^ents.  Thus,  for  pne 
and  the  ^me  cord,  a  +  ba  may  repiresent  the  force  reauired  tp 
bend  it:  but,  if  the  cord  be  changed,  the  diameter  o  will  faje 
.diffaront,  and  ^e  9)ay  opnclude  that,  c(eteris  paribus^  the  forqe 
which  nlust  be  employed  will  be  pr<^x»tional  tx>  a  cer^in  powe^r 
noi  d^  for  .the  foroe  necessary  to  .bend  a  cord  will  increasfci  with 
its  diiMO^eter :  this  power  i^ill  deciiease  on  the  contrary  with  the 

radius  r  of  the  pulley ;  therefcwre  —  (a-f-  6q)  may  represent  the 

force  necessary  to  overcome  the  stiffness  of  the  cord ;  n  being 
as  yet  an  indeterminate  quantity.  This  value  being  the  aug- 
mentation which  must  be  given  to  the  force  or  weight  w  that  it 
may  be  on  the  point  of  prevailing  over  the  resistance  a,  must, 

from  what  is  before  shewn,  be  equal  to  a  ---.    Thus  we  have 

dr{a  +  bo)  =:  Qji,  or  5  =  ---  (a  +  6q)    .     .    (a). 

This  equation,  it  is  true,  is  only  furnished  by  general  con- 
raderations,  and  not  by  a  rigorous  investigation :  it  contains, 
moreover,  the  unknown  coefficients  n,  o,  and  *,  varying  for 
different  cords.  But  there  is  a  ample  method  of  finding  these 
coe£Scients,  and  of  assuring  ourselves  that  the  expression  is 
sufficiently  exact  in  practice. 
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31.  Choose  any  cord,  and  after  bending  it  alon^  the  groove 
of  a  pulley,  as  the  cord  qdabew  (fig.  8.),  attach  to  it  two  equal 
weights,  and  augment  one  of  them  till  it  is  just  on  the  point  of 
prevailitig  so  as  to  give  motion  to  the  system,  marking  the  dif- 
ference of  the  weights.  Make  a  similar  experiment  four  times^ 
taking  as  many  different  values  of  w  and  of  q,  also  of  r :  so 
shall  there  be  obtained  four  values  of  w  —  q,  that  is  to  say,  of 

—  (a  +  ift),  which  will  furnish  four  equations.     Putting  e, 

j^  £•,  hy  these  values,  and  denoting  by  r,  V,  t^y  r'",  the  several 
radii  of  the  pulleys,  and  a,  q',  q",  q"',  the  weights  employed  in 
their  turns,  we  shall  have 

^  =  -^  (a  +  6q)    .     .     .     .   /  r:  -^  (a  +  bol) 

Of  these  equations  the  three  first  serve  to  discover  the  values  of 
n,  a,  and  b ;  and  the  last  enables  us  to  assure  ourselves  whether 
the  formula  {A)  has  the  accuracy  we  wish. 

32.  As  to  experiments  on  the  rigidity  of  ropes  and  cords,  we 
know  none  of  any  great  importance  ana  extent  besides  those  of 
M.  Coulomb.  These  experiments  were  made  with  two  kinds 
of  apparatus,  one  contrived  by  M.  Amontons,  the  other  by 
Coulomb  himself:  the  experiments  made  by  means  of  one  in- 
strument corroborated  the  results  of  those  made  by  the  other : 
but  we  shall  here  merely  describe  the  experiments  by  means  of 
Coulomb^s  apparatus,  wnich  we  prefer  because  it  was  contrived 
to  ascertain  at  the  same  time  that  kind  of  friction  which  is  oc- 
casioned by  the  rolling  of  cylinders  upon  horizontal  planes. 

The  apparatus  consists  of  two  tressels  of  6  feet  in  height,  and 
sufficiently  solid  and  firm,  on  which  there  are  laid  two  pieces  of 
squared  wood ;  upon  these  two  pieces  of  wood  are  fixed  two 
rulers  of  oak  well  planed,  dd,  d'd'  (fig.  4.  pi.  I.  nos.  1,  2.),  and 
polished  with  a  little  fish-skin :  then  two  cylinders  of  lignum 
vitfiB  are  procured,  one  of  6  inches  diameter,  the  other  of  two 
inches;  together  with  several  cylinders  of  elm  from  2  to  IS 
inches  in  mameter. 

These  things  prepared,  in  order  first  to  find  the  friction  of  the 
rollers,  they  are  laid  horizontally  upon  the  two  rulers  of  oak, 
and  crossing  their  directions  perpendicularly,  as  represented  in 
fig.  4.  no.  2.  the  rulers  being  m  a  perfectly  norizontal  position : 
then  suspend  on  each  side  of  the  roller  in  use  a  weight  of  50  lbs. 
with  very  fine  and  flexible  packthread ;  or  indeed  by  means  of 
several  such  threads  distriouted  over  the  roller,  and  charged 
each  with  50  lbs.  on  each  side,  prdduce  upon  the  rulers  any- 
determinate  pressure;  and  ascertain  by  the  aid  of  little  ooun- 
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terweights  suspended  alternately  on  the  different  sides  of  the 
roller  what  will  be  the  force  necessary  to  give  it  a  motion 
barely  senable. 

The  friction  of  the  rollers  b^ng  estimated  by  the  preceding, 
method,  it  will  be  easy  to  allow  for  it,  when  instead  of  the  very 
flexible  packthread,  the  cords  or  ropes  of  which  the  stiffness  is 
to  be  determined  are  subsdtuted.  And  this  new  determination 
will  be  made  in  the  same  manner  as  with  respect  to  the  nascent 
friction  by  suspending  the  little  weights  alternately  on  each  side 
of  the  roller,  so  that  they  shall  give  it  a  motion  just  perceptible. 

It  is  obvious  to  remark  that  this  method  of  estimating  the 
effects  of  the  ri^dity  of  cords  will  furnish  results  directly  ap- 
plicable to  the  preceding  formulae :  for  tlie  weights  which  pro- 
duce the  very  small  motion  in  the  cylinders  will  be  precisely 
equal  to  the  augmentation  of  the  resistance  ari^ng  from  the 
stiffness  of  the  cord,  estimated  in  the  direction  of  that  portion 
of  the  cord  to  which  the  resistance  is  applied  that  represents 
the  usual  effect  of  the  machine. 

38.  We  shall  first  exhibit  the  results  of  M.  Coul<Hnb^s  expe- 
riments, on  the  second  species  of  friction,  produced  by  rollers 
of  lignum  vitse  of  6  and  of  2  inches  diameter. 


Chaige  of  the  rollers, 
their  weight  being 
comprised. 


100  lbs. 
500 
1000 


Weights  which  produce  an  extremely .  slow  motion,   the 
diameter  of  their  rollers  bdng 


6  inches 


0*6 
3>0 
6*0 


2  inches 


1-6 

9.4 

18*0 


From  this  table  M.  Coulomb  infers  that  the  friction  of  cy- 
Imders  whidi  roll  upon  horizontal  planes  is  directly  as  the 
pressures,  and  inversely  as  the  diameters  of  the  rollers.  He 
also  found  that  greasing  the  surfaces  did  not  bere  cause  any 
aensible  diminution  in  the  friction. 

Note.  The  foot  and  the  pound  spoken  of  throughout  these 
experiments  are  ihose  of  the  ancient  Paris  standard :  we  have 
not  reduced  them  to  English  measures,  since  the  deductions 
founded  upon  the  experiments  do  not  render  this  necessary. 

Rollers  of  elm  produced  a  friction  of  about  the  ^  greater 
than  lignum  vitsB.  And  under  small  pressures  the  friction  was 
rather  greater  than  would  result  from  the  law  of  friction  being 
proportional  to  the  pressure. 

84.  W«  shall  next  present  the  results  of  Coulomb's  experi- 
ments upon  the  ri^ty  of  cords,  and  different  rollers  between 
8  and  12  inches  in  diameter ;  the  deduction  for  the  frictjoi^  '^ 
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frtated  in  the  table,  and  A  companttbe  telunin  exfaitutB  the  ti> 
gidity  deduced  from  the  experiments  made  with  the  apparatus  of 
Amontons.  The  cords  were  of  three  kinds :  No.  1,  oi  6  threads 
in  a  yam,  or  2  in  a  strand,  the  circumference  IS^  lines,  and 
wtngnt  of  8  foot  in  length  4f  drams.  No.  ^  of  15  threads  in 
a  yem,  or  5  in  a  strand,  circumference  SO  lines,  weight  t>f  a 
foot  in  length  ISj  drams.  No.  3,  of  80  threads  in  a  yarn  ov 
10  in  a  strand,  circumference  SS  lines,  wdght  of  a  foot  in 
length  S4^  drams. 


tbe  roller 
inlba. 


From  this  table  it  trill  be  seen  that  ^e  method  of  Amontons 
and  that  of  Coulomb  furnish  nearly  the  same  results :  M.  Cou- 
lomb ascribes  tbe  difierencea  where  greatest  to  the  drcumstanoes 


a 

Riai0iTr  OF  coftDs.  39 

of  the  cords  having  been  more  used  previous  to  their  being  taken 
for  one  kind  of  experiment  than  for  the  other. 

35.  M.  Coulomb,  before  he  commenced  the  experiments  upon 
the  friction  of  axes,  caused  the  pulley  to  turn  on  its  axis  during 
such  a  time  and  with  such  a  velocity  ns  was  necessary  to  enable 
the  surfaces  in  contact  to  acquire  aU  die  polish  and  ^libness  of 
which  the^  were  susceptible.  The  chief  object  held  in  view  in 
the  experiments  of  which  we  now  speak  was  to  determine  the , 
friction  of  the  axis  of  machines  in  modon.  M.  Coulomb  there- 
fore caused  the  suspended  weights  to  run  over  a  space  of  6  feet» 
and  to  measure  separately  by  half  seconds  the  time  enpployed  to 
run  over  the  first  three  reet,  and  that  occufned  in  running  over 
the  last  tlu-ee  feet  The  foIk)Wing  table  contains  the  results  of 
experiments  on  the  friction  of  axes  of  irotk  in  boxes  of  copper : 
the  axis  used  was  19  lines  in  diameter)  said  had  a  play  of  1|: 
lines  in  the  ccfsa&c  boX|  the  puUey  was  144  lines  in  diameter, 
and  weighed  l4>  pounds. 
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The  weights  em}9oyed  to  bend  the  cord,  and  which  are  con- 
tained in  the  fourth  column,  were  calculated  from  the  tendons 
expressed  in  the  6th  column,  by  means  of  the  formulas  already 
given,  and  the  results  of  some  previous  experiments.  These 
Weights  being  subtracted  from  those  of  the  6th  column,  which 
put  the  svstem  in  motion,  leave  the  weights  employed  in  over- 
coming the  friction.  These  latter  weights  acting  at  a  distance 
from  the  centre  of  rotation  equal  to  the  sum  of  the  radii  of  the 
pulley  and  the  cord :  the  frictbn  which  is  exerted  upon  the  axis, 
and  which  in  the  case  of  a  very  slow  motion  may  be  considered 
as  making  an  equilibrium  with  those  weights,  is  therefore  equal 
to  the  product  of  those  weights  into  the  ratio  of  the  sum  of  the 
radii  or  the  pulley  and  the  cord,  to  the  radius  of  the  axis,  which 
ratio  is  very  nearly  7  to  1,  when  the  weight  is  suspended  by  a 
thin  packthread^  and  nearly  7*2  to  1,  when  it  is  suspended  by 
the  cord  No.  1 .  From  these  considerations  the  9th  column  was 
calculated.  The  weights  comprised  in  the  8th  column  are  com- 
posed, 1.  Of  the  weight  of  the  pulley  or  cylinder;  2.  Double 
the  corresponding  weight  in  the  6th  column ;  3.  The  weights 
contained  in  the  6th  column ;  for  the  sum  of  these  evidently 
compose  the  pressure  upon  the  axis.  Hence,  to  find  the  ratio 
of  the  friction  to  the  pressure,  as  expressed  in  the  10th  column, 
it  is  only  to  divide  any  number  in  the  9th  column  by  the  cor- 
respondmg  one  in  the  8th. 

36.  When  it  is  proper  to  have  regard  to  the  velocity  of  the 
weight,  to  ascertain  the  effort  which  surmounts  the  friction  and 
the  stiffness  of  the  cord,  we  may  observe  at  once  that  in  this 
l^ase  the  motion  is  nearly  a  uniformly  accelerated  motion,  since 
the  first  8  feet  are  described  in  a  time  about  double  that  employed 
in  running  over  the  last  3  feet.  It  remains,  therefore,  to  learn 
what  part  w  of  tlie  additional  weight  stated  in  the  6th  column^ 
which  we  caU  ^,  ^as  employed  in  accelerating  Ae  motion  of 
the  susp^ded  wa^t ;  for  the  other  part  of  the  additional  weight, 
viz.  «|-<  se/,  is  manifestly  that  which  surmounts  tlie  friction  and 
the  stiffness  of  the  coras.    Now  t  being  the  time  of  the  whole 

descent,  the  accelerating  force  which  has  place  is  equlJ  ' 


tmd,  naming  w  the  total  sum  of  the  weight  hanging  upon  the 
pulley  comprising  in  it  7  pounds  for  the  inertia  of  the  pulley^ 
which  weighedl4  pounds,  aod^  the  accelerating  force  of  gravity, 

the  mass  put  in  motion  will  be  ^,  and  the  productof  that  mass 

by  the  accelerating  force  will  be —^— ;  which  being  subtracted 
from  the  additional  weight  which  put  the  pulley  in  motion,  gives 
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thequantity  ze;— tt/,  or  the  part  of  the  weight  'w  emf^yed  to 
overcome  the  stiffness  of  the  cord  and  the  friction* 

It  appears  from  the  7th,  8th,  9th,  10th,  llth*  and  12th  ex- 
penmen ts,  that  the  friction  of  axes  of  iron  in  boxes  or  cheeks  of 
copper  is  much  less  softened  by  the  cart-grease  than  by  tdllow. 

87.  M.  Coulomb  has  likewise  endeavoured  to  ascertain  the 
friction  of  axes  of  rotation  made  of  the  different  kinds  of  wood! 
which  are  commonly  found  in  rotatory  machines.  To  render  the 
friction  more  sensible  he  used  pulleys  of  12  inches  mounted  upon 
axes  of  3  inches ;  sometimes  the  axes  were  immoveable,  at  others 
they  moved,  but  in  both  cases  the  friction  was  the  same :  the 
proper  precautions  were  adopted  to  smoothen  the  surfaces  in 
contact,  and  thence  to  avoia  the  uncertainty  and  irregularity 
which  might  otherwise  have  attended  the  results. 

Ratio  of 

Kinds  of  wood  used  in  the  experiments,        trKtion  to 

J  ■*  pressure. 

Axis  of  holm-oak,  box  of  lignum  vitse,  coated  with  tallow    0-038 
Ditto  the  coating  wiped,  the  surface  remaining  oily     •     0-06 
Axis  and  box  as  before,  but  used  several  times  with-  7     0-06 

out  having  the  coating  refreshed         .  .         y     0*08 

Axis  of  holm-oak,  box  of  elm,  coated  with  tallow        .     0*03 
Ditto  both  axis  and  box  wiped,  surfaces  remaining  oily     0«06 
Axis  of  box-tree,  box  of  lignum  vitSB,  coated  with  tallow     0-043 
Ditto  the  coating  wiped,  the  surfaces  remaining  oily    .     0-07 

Axis  of  box-tree,  box  of  elm 0-035 

Ditto  the  coating  wiped  off        .         .         •         •         •     0-05 
Axis  of  iron,  box  of  lignum  vitae,  the  coating  wiped  \     q  Qg 

off  and  the  pulley  turned  for  some  time         ^    .    .  J    . 
The  velocity  aoes  not  appear  to  influence  the  friction  in  any 
sensible  manner,,  except  in  the  first  instants  of  motion :  and  in 
every  case  the  friction  is  least,  not  when  the  surfaces  are 
plastered  over,  but  when  they  are  merely  oily. 

88.  The  experiments  on  the  stiffness  of  cords  described  (art. 
34.)  were  made  in  cases  of  motions  nearly  insensible  ;  but  M. 
Coulomb  inquired  whether  with  a  finite  velocity  the  resulting 
effect  of  the  stiffness  of  the  cord  were  augmented  or  diminished. 
For  this  purpose  he  took  a  pulley  and  box  of  copper,  and  an  axis 
of  iron  done  over  with  tallow :  the  diameter  of  the  pulley  was 
144  fines,  tod  that  of  the  axis  20i  lines ;  and  the  cord  was  one 
of  30  threads  to  a  yarn,  or  No.  3.  of  which  the  stiffness  with 
respect  to  insensible  velocities  was  determined  by  some  of  the 
foregoing  experiments.  The  ensuing  table  shows  the  results  of 
the  experiments :  the  wieigfats  were  made  to  run  over  a  distance 
of  6  feet,  and  the  times  of  describing  the  first  three  and  the  last 
three  feet  were  measured  by  a  half-second  pendulum. 
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It  appeared  in  the  table  (art.  S4.)  that  to  bend  the  cord  No.  S. 
of  SO  threads  in  a  yam,  about  a  roller  of  12  inches  diameter, 
and  with  a  tension  of*  500  lbs.  would  require  a  weight  of 
14*4  lbs. :  of  which  weight  the  constant  part  due  to  the  fabrica- 
tion of  the  cord  is  about  1-4  lbs:  this  value  maybe  retained, 
but  it  will  be  here  proper  to  reduce  the  part  due  to  the  tension 
of  the  cord  by  the  qumtal  to^.  (14-4— 14)=^  x  13=26  lbs. 
From  these  data  the  last  column  to  the  right  of  the  above  table 
was  computed. 

39.  To  complete  the  object  of  the  experiments  it  is  necessary 
to  have  the  stifiness  of  the  cord  without  assertiuj?  any  thing  d 
priori  on  the  values  which  had  been  previously  round  for  such 
ri^dity.  To  this  end  Coulomb  has  estimated  tne  friction  of  the 
axis  from  its  charge  and  the  experiments  of  art.  35 ;  where  it 
appeared  that  this  friction  was  independent  of  its  velocity  and 
equal  to  0*087  of  the  pressure.  This  friction  which  is  exerted 
at  the  surface  of  the  axis  being  computed,  and  the  radius  of  the 
axis  bring  to  the  distance  between  the  centre  of  I'otation  and 
the  middle  of  the  cord  as  1  to  7*5,  it  will  be  easy  to  calculate 
the  weight  which  acting  in  the  vertical  direction  of  the  middle 
of  the  cord  may  be  in  equilibrium  with  the  friction  in  each  ex- 
periiment ;  and  these  weights  are  contained  in  the  7th  column. 
Subtracting  these  weights  from  the  additional  weights  contained 
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in  the  3d  column,  namely  those  which  put  the  pulley  in  motion^ 
we  have  in  the  case  of  a  very  slow  motion  tne  values  of  the 
weights  which  just  surmount  the  stiffness  of  the  cord;  these 
weights  are  comprised  in  the  8th  column,  and  differ  but  little 
from  those  calculated  immediately  and  contained  in  the  9th 
column. 

40.  Now  to  know  if  the  greater  or  less  velocity  of  the  weight 
suspended  upon  the  pulley  has  any  influence  upon  the  resistance 
due  to  the  stiffness  of  the  cord,  we  must  in  the  case  of  the 
motion  calculate  what  portion  of  the  additional  weight  hung 
upon  the  pulley  is  employed  in  overcoming  the  friction  and  the 
rigidity  of  the  cord.  Here  the  formula  of  a  preceding  article  has 

its  application,  a/rz  -— - :  for,  the  time  occupied  by  the  weight 

in  describing  the  last  three  feet  being  nearly  the  half  of  that 
employed  in  describing  the  first  three  feet,  the  motion  may  be 
considered  as  uniformly  accelerated,  and  the  quantities  w  —  «/ 
which  result,  and  are  contained  in  the  4th  column,  differ 
but  little,  as  is  manifest,  from  the  weights  employed  to  over- 
come the  friction  and  the  stiffness  of  tne  cords,  in  the  case  of 
an  extremely  slow  motion.  And  as  it  appeared  from  the  pre- 
ceding experiments  that  the  friction  was  independent  of  the 
velocity,  or  that  it  opposed  the  same  resistance  to  the  motion 
in  the  different  trials  for  each  experiment ;  it  hence  follows  that 
the  resistance  arising  from  the  stiffness  of  the  cord  was  hkewise 
constant  in  the  same  trials,  and  depended  not  upon  the  velocity 
at  least  in  any  such  sensible  manner  as  to  merit  our  regard  in 
computing  the  powers  qfmachines. 

41.  The  invariableness  of  the  resistance  occasioned  by  the 
stiffness  of  cords,  under  different  velocities,  appears  also  imme- 
diately from  the  results  comprised  in  the  5th  column  of  the 
table,  which,  as  before  observed,  proves  that  the  motions  were 
nearly  uniformly  accelerated.  And  from  this  property  it  fol- 
lows, that  there  is  always  a  constant  part  of  the  weight  or 
power  employed  in  surmounting  the  fnction  and  stifihess  of  the 
cords. 

«  Nevertheless,^  adds  M.  Coulomb,  **  it  must  be  acknow- 
ledged, that  it  is  not  strictly  true,  that  the  augmentation  of 
velocity  does  not  augment  the  re»stance  due  to  the  rigidity  of 
cordage.  This  augmentation  appears  especially  perceptible 
when  the  cords  are  stretched  with  wdghts  or  by  forces  that  are 
under  100  pounds.  I  have  estimated,  by  many  trials,  that  in 
such  cases  a  velocity  of  8  feet  per  second  would  increase  by 
nearly  a  pound  the  resistance  occasioned  by  the  stifihess  of  our 
cord  of  SO  threads  in  a  yarn :  but  this  augmentation  of  resist- 
ance seems  to  be  a  constant  quantity  for  the  same  degree  of 
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velocit  J,  whatever  the  tension  may  be :  in  such  sort  that  it  ceases 
to  be  perceptible  under  ^eat  tensions,  and  that  theiv;  are  but  ^ 
very  few  circumstances  m  which  it  may  not  be  neglected  in 
practice :  this  augmentation  with  regard  to  the  velocity  appears, 
besides,  much  greater  in  new  than  in  old  cords,  and  in  tarred 
cords  than  in  those  which  are  white  or  untarred.^ 

42.  M.  Coulomb  deduces  from  these  experiments  the  fol- 
lowing general  conclusions : 

(!•)  That  with  respect  to  practice,  in  ell  rotatory  machines 
the  ratio  of  the  pressure  to  the  friction  may  always  be  supposed 
constant,  and  that  the  influence  of  the  velocity  is  too  small  to 
need  our  regard. 

(2.)  That  the  resistance  which  must  be  overcome  to  bend  a 
cord  over  a  roller  or  pulley  is  represented  by  a  formula  com- 
posed of  two  terms ;  the  first  is  a  constant  quantity  independent 

of  the  tension,  and  of  the  form  —  (art.  31.)  where  a  is  a  con- 
stant quantity  determined  by  experience,  d"  is  a  power  of  the 
diameter  d  of  the  cord,  jand  r  the  radius  of  the  roller ;  the  second 

term  is  —  a,  where  d  is  a  constant  quantity,  J,  n,  <ind  r,  as  be- 
fore, and  a  the  tension  of  the  cord.  Thus  the  complete  for- 
Ujiula  expressing  the  stiffiiess  of  the  cord  is  -^  (a  +  bo)*    The 

power  n  varies  according  to  the  flexibility  of  the  cord,  but  is 
usually  about  1*7  or  1*8,  or  the  resistance  is  nearly  proportional 
to  the  square  of  the  diameter  of  the  cord :  when  the  cord  is 
much  used  n  decreases  to  1*5  or  even  1  *4.  The  following  is  a 
summary  of  results. 

m  --  80  threads  in  a  yarn 
White  *  -^ 
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43.  Our  knowledge  of  the  nature  of  the  friction  of  axes,  and 
stiffness  of  cords,  though  confessedly  very  imperfect,  may  be 
introduced  into  the  computation  of  the  power  of  machines :  this 
may  be  illustrated  by  an  example  of  a  capstan  or  windlass, 
where  the  genaral  formula  of  an  equilibrium  will  be  this : 

pr=:qe'H —^ — l-d'Ca+ftft) 

where  P  represents  the  power^  and  the  other  letters  as  below. 
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The  weight  to  be  elevated  is 

a  =  1000  lbs. 

The  radius  of  the  axis  or  pivot,  which  is  of  irbn,  is 

r=:2iiiches. 
This  axis  turns  in  a  box  (^copper:  the  radius  of  the  cylinder 
about  which  the  cord  is  rolled  is 

k'  =  10  inches. 
The  arm  of  the  capstan,  or  the  radius,  or  distance  at  which  the 
men  exert  their  force,  is 

R  =  10  feet  =:  120  inches. 
The  pivots  are  supposed  to  have  been  plastered  with  tallow  some 
time,  and  the  instrument  often  used,  till  the  ratio  of  the  friction 
to  the  pressure  is  reduced  to  that  of  experiment  15.  in  the  table 
of  article  35.  whence  we  have  that  ratio,  or 

/=0.133,  and  y(l+^)=:7-6851. 

The  cord  is  supposed  tarred,  and  of  ISO  threads  in  a  yam, 
which  will  support  12  or  14000  lbs.  without  breaking.  Now 
a  tarred  cord  ot  80  threads  in  a  yarn  requires  a  constant  eflTort 
equivalent  to  6*6  lbs.  to  bend  it  about  a  roller  of  ^  inches  radius, 
and  an  effort  proportional  to  the  tension,  of  11*6  lbs.  for  a  quin- 
tal, or  116  lbs.  for  1000  lbs.  Here  the  radius  of  the  cylinder 
being  10  inches,  we  must,  first  supposing  the  cords  equal,  dU 
minish  these  efforts  in  the  ratio  of  10  to  2,  viz.  make  their  sum 
r=  ^  (6-6  +  116)  for  1000  lbs.,  and  =  J^  (6-6  +  sTiTe)  for 
8000.  And  as  the  cord  is  of  120  threads  in  a  yarn  instead  of 
80,  we  must  increase  the  last  resuh,  in  the  ratio  of  SO  to  120, 
so  shall  we  have  ^  x  4  (6-6 +  9^8)  =747-7  for  the  effort 
which  will  surmount  the  stiffness  of  the  cord,  that  is 

~  (a  4-  bo)  =  747-7. 

And  since  r'  n  10,  we  have  d"  {a  +  bo)  ==  7477. 
.These  values  being  substituted  in  the  general  formula  it  be- 
comes 

p  X  120  =  (8000  X  10)  +  ^^  +  7477. 

or,  p  =  6666  +  17-577  +  629  =  7465 lbs. 
It  will  be  necessary  therefore  to  distribute  at  the  extremities 
of  the  bars  of  the  capstan  efforts  whose  sum  shall  be  equivalent 
to  746-5  lbs. :  that  is,  if  a  man  makes  an  effort  balancing  26  lbs., 
90  men  will  be  required  to  move  the  weight  of  8000  lbs.  Had 
there  been  no  friction,  and  were  the  cords  perfectly  flexible,  the 

force  necessary  would  have  been  only  -j-  or  666*6,  less  than 

the  other  by  almost  80  pounds,  a  difference  which  is  more  than 
equivalent  to  the  force  of  three  men.     So  that  in  this  example 
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the  friction  and  rigidity  of  the  cord  require  an  increase  of  be- 
tween an  8th  and  a  9th  of  the  whole  power  which  would  other- 
wise have  been  requisite. 

This,  however,  we  wish  to  be  received  only  as  an  approxima- 
tion. The  details  which  have  been  here  entered  into  will,  we 
trust,  be  found  of  some  utility  in  directing  the  practice,  and 
may  furnish  some  hints  to  those  who  have  time  and  inclination 
to  adopt  other  series  of  well-conducted  experiments;  and  thus 
supply  these  most  important  desiderata  in  practical  mechanics. 

ON   THE  ENERGY  OF   FIRST   MOVERS. 

44.  The  consideration  of  the  absolute  and  relative  forces  of 
different  kinds  of  first  movers  is  of  too  great  consequence  in  the 
application  of  mechanics  to  be  entirely  omitted  in  this  perform- 
ance: we  shall,  therefore,  present  the  reader  with  some  ob- 
servations and  tables  respecting  the  chief  classes  of  powers  used 
to  drive  machinery,  viz.  water,  air,  steam,  gunpowder,  and 
animal  exertion. 

Water  is^nerally  made  to  operate  upon  machines  by  means 
of  its  momentum  when  in  motion :  but  it  may  also  be  used, 
and  that  as  a  very  powerful  mover,  when  acting  by  its  pressure 
merely.  In  the  theory  of  hydrostatics  (art.  387.)  we  ex- 
plained the  principle  of  the  hydrostatical  paradox,  in  which  it 
IS  asserted  that  any  quantity  of  water  or  other  fluid  may  be 
made  to  support  any  other  quantity  or  any  weight,  however 
great,  and  indeed  to  raise  the  greater  weight  until  it  reaches 
such  a  height  as  ensures  the  equilibrium.  Thus  in  the  hydro- 
static bellows  the  weight  of  a  few  ounces  of  water  is  made  to 
raise  several  hundred  pounds.  And  in  like  manner  Otto  Gue- 
ricke  of  Magdeburg  made  a  child  balance,  and  even  overcome, 
the  pull  exerted  by  the  emperor's  six  coach  horses,  merely  by 
sucking  the  air  from  beneath  a  piston.  This  great  power  de- 
pends upon  the  fundamental  property  of  fluids,  that  they  press 
equally  in  all  directions.  The  late  Mr.  Bramah  obtained  a 
patent  for  a  machine  acting  as  a  press  on  this  principle  of  the 
quaqiM  versum  pressure  of  fluids :  A  piston  of  ^  of  an  inch 
diameter  forces  water  into  a  cylinder  of  12  inches  diameter, 
and  by  this  intervention  raises  the  piston  of  the  cylinder :  so 
that  a  boy  acting  with  a  fourth  part  of  his  strength  on  the 
small  piston,  by  means  of  a  lever,  can  raise  about  94080  lbs.  or 
42  tons  pressing  on  the  great  piston ;  the  increase  of  power 
being  as  1  to  4*  x  12*  or  1  to  ^304.  This  contrivance  will  be 
more  minutely  explained  under  the  article  Braham'^s  metchiney 
in  the  alphabetical  part  of  this  volume ;  its  applications  are  nu- 
merous and  highly  important. 
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45.  As  to  the  effect  of  water  in  motion,  it  will  manifestly  de* 
pend  upon  the  quantity  of  fluid  and  its  velocity  jointly.  When 
the  water  runs  through  a  notch  or  an  orifice  of  a  regular  form 
situated  in  the  bottom  or  side  of  a  reservoir,  the  quantity  dis- 
charged in  any  given  time  may  be  determined  by  the  rules  laid 
down  for  those  purposes  in  Vol.  I.  Book  IV.  It  s^  be  the  area 
of  any  plane  exposed  to  the  action  of  a  current  of  water,  and  v 
the  velocity  per  second  with  which  the  fluid  strikes  the  plane, 
then  will  the  force  of  the  fluid  be  equivalent  to  the  weight  of  a 

volume  of  water  expressed  by  -^—j  where  g  represents  8^ 

feet,  on  the  supposition  that  the  water  strikes  the  plane  directly: 
but  if  the  fluid  strike  the  plane  obliquely  and  i  represent  the 
angle  of  incidence,  the  force  will  be  equivalent  to  the  weight  of 

the  column  -— —  sin*  i.     Or,  since  a  cubic  foot  of  water  weighs 

62^  lbs.  averd.,  if  v  and  s  be  expressed  in  feet,  we  shall  have 

— 7 sin*  I  =:  '971 502  sin'  1 1?*  5^  lbs.  averd,  for  the  equiva- 
lent weight,  which  becomes  barely  •971502  v^  s^  lbs.  when  the 
plane  is  directly  opposed  to  the  fluid.     See  also  art.  467.  vol.  i. 

46.  In  the  determination  of  the  velocity  of  the  stream  it  will 
be  necessary  either  to  ascertain  the  height  h  through  which  the 
water  has  fallen  freely,  as  from  the  end  of  a  spout,  when  V' (%•*,) 
or  nearly  8  v/ A,  will  shew  the  velocity,  A  being  in  feet;  or  when 
the  water  issues  through  an  orifice  in  the  bottom  or  side  of  a 
reservoir,  to  have  recourse  to  Chap.  1  and  2.  Book  IV.  vol.  I. 
before  referred  to.     If  the  stream  be  ample  without  much  fall, 
such  as  must  necessarily  be  applied  to  move  an  undershot  wheel 
by  its  impulse,  the  power  will  be  determinable  from  the  velocity 
of  the  water  and  the  quantity  which  passes  through  the  section 
of  its  bed.     Dr.  Desaguliers,  in  his  Experimental  Philosopljy, 
vol.  II.  pa.  419.  gives  the  following  easy  method  of  ascertain- 
ing these  data :  Observe  a  place  where  the  banks  of  the  river 
are  steep  and  nearly  parallel,  so  as  to  make  a  kind  of  trough 
for  the  water  to  run  through,  and,  by  taking  the  depth  at  various 
places  in  crossing,  make  a  true  section  of  the  river.     Stretch  a 
string  at  right  angles  over  it,  and  at  a  small  distance  another 
parallel  to  the  first.     Then  take  an  apple,  an  oranpe,  or  other 
small  ball,  just  so  much  lighter  than  water  as  to  swim  in  it,  and 
throw  it  into  the  water  above  the  strings.     Observe  when  it 
comes  under  the  first  string,  by  means  of  a  half  second  pendu- 
lum, a  stop-watch,  or  any  other  proper  instrument ;  and  ob- 
serve likewise  when  it  arrives  at  the  second  string.     By  these 
means  the  velocity  of  the  upper  surface,  which  in  practice  may 
generdtb^  be  taken  for  that  of  the  whole,  will  be  obtained.  An4 
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tb^  seption  of  the  river  at  the  second  strinj^  must  be  ascertained 
by  taking  various  depths,  as  before.  If  this  section  be  the  same 
as  the  former,  it  may  be  taken  for  the  mean  section :  if  not, 
add  both  together,  and  take  half  the  sum  for  the  mean  section. 
Tlien  the  area  of  the  mean  section  in  square  feet  being  multi- 
plied by  the  distance  between  the  strings  in  feet,  will  give  the 
contents  of  the  water  in  solid  feet,  which  passed  from  one  string 
to  the  other  during  the  time  of  observation ;  and  this  by  the 
rule  of  three  may  be  adapted  to  any  other  portion  of  time« 
Suppose,  for  example,  the  time  were  IS'',  and  the  hourly  ex- 
penditure of  water  were  required,  the  proportion  would  be,  as 
12" :  360&' : :  the  number  of  cubit  feet  between  the  two  strings : 
the  hourly  expenditure  in  cubit  feet.  If  the  mere  velocity  be 
required  with  reference  to  any  fixed  interval  of  time,  a  similar 
proportion  will  give  it,  only  observing  to  take,  instead  of  the 
solid  content  or  capacity  in  the  third  term,  the  distance  between 
the  two  strings. 

The  operation  may  often  be  greatly  abridged  by  taking  notice 
of  the  arrival  of  the  floating  body  opposite  two  stations  on  the 
shore,  especially  when  it*  is  not  convenient  to  stretch  a  string 
across.  An  arch  of  a  bridge  is  a  good  station  for  an  experi- 
ment of  this  kind,  because  it  affords  a  very  regular  section  and 
two  fixed  points  of  observation:  and  in  some  instances  the  sea 
practice  ot  heaving  the  log  may  be  advantageous.  Where  a 
time-piece  is  not  at  hand,  the  observer  may  easily  construct  a 
balf-seconds  or  quarter-seconds  pendulum :  the  former  may  be 
made  by  suspending  a  small  round  (not  flat)  button,  or  other 
spherical  weight,  by  a  thread  looped  over  a  pin  of  such  a  length 
that  the  distance  from  the  point  of  suspension  to  the  centre  of 
the  weight  shall  be  9*8  inches :  the  quarter-seconds  pendulum 
must  be  a  fourth  of  this  length.  If,  by  observations  at  several 
stations  above  and  below  any  particular  point  of  the  river,  the 
velocity  does  not  appear  to  vary,  the  section  of  the  river,  in  all 
that  space  may  be  considered  as  uniform ;  and  it  will  not  be 
necessary  to  determine  more  than  one  section  by  actual  measure- 
ment.    See  also  the  article  Stream-^measurers  in  this  volume. 

47.  The  effect  of  undershot  and  overshot  wheels  has  been 
very  variously  stated  by  different  authors ;  the  most  valuable 
and  correct  observations  are  those  of  Mr.  Smeaton,  an  abstract 
of  which  was  given  in  Chap.  4.  Book  IV.  vol.  L  The  numer- 
ous practical  remarks  and  experiments  related  in  that  chapter 
and  the  second  chapter  of  the  same  book,  will  render  it  unne- 
cessary for  us  now  to  dwell  longer  upon  the  effects  of  water  as 
a  mover  of  machinery. 

48.  Air  is  the  next  natural  mover  we  propose  to  consider. 
And  this,  like  water,  may  be  regarded  either  as  at  rest,  or  in 
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motion.  The  pressare  of  the  atmosphere  in  a  medium  state  is 
equivalent  to  the  weight  of  14f  or  15  lbs.  averdupois  on  a 
square  inch,  and  this  pressure  will  support^  and,  by  means  of  a 
sucking  pump,  raise  water  to  the  height  of  about  Qii  feet;  it 
supports  mercury  in  the  barometer  at  the  height  of  S8  to  32 
inches.  In  many  modern  machines  the  pressure  of  the  atmo^ 
sphere  furnishes  the  moving  power. 

The  density  of  air  is,  at  a  medium,  about  833  times  less  than 
that  of  water :  if  we  take  round  numbers  and  reckon  800  to  1 
for  the  ratio  of  the  densities,  and  put  s'^  for  the  surface  on  which 
the  wind  strikes,  v  for  the  velocity  with  which  it  moves,  and  i 
for  the  angle  of  incidence,  then  the  fqrce  of  the  wind  will  be 
equal  to  the  weight  of  a  volume  of  water  expressed  by  ^^^ 


ira^a 


sin^i  =  •001214*4  v'^  s'^  sin  'i  lbs.  averdupois. 
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This  formula,  however,  is  only  an  approximation,  and  would 
lead  to  considerable  errors  when  the  velocities  are  great:  on 
this  subject  we  have  treated  pretty  fully  in  art.  BBi^  &c.  Bool^ 
V.  vol.  L,  where  the  tables  of  Dr.  Hutton,  Mr.  Rouse,  &c.  are 
exhibited :  the  following  is  Mr.  Rouse's  table  of  velocity  and 
corresponding  force  in  thef  form  it  was  originally  given  by  Mr, 
Smeaton ;  and  is  inserted  here,  because  it  facilitates  the  com- 
parison of  velocities  expresspd  in  miles  and  feet- 
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Perpendicular  force 
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88.02 
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117.36 

3r.490 
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49.  As  it  is  not  easy  to  observe  the  true  velocity  of  the  wind, 
and  thence  determine  its  force,  several  philosophers  have  in- 
vented instruments  called  Anemometers  or  wind  gages,  b^ 
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T^hicli  Hiejbrce  of  the  wind  may  l^e  ascertraned  independent  of 
its  velocity.  M.  Bongiier  contrived  a  very  simple  instrument 
for  this  purpose:  it  is  a  hollow  tube  aabb  (fig.  5*  pi.  I.)  in 
which  a  spiral  spring  CD  is  fixed,  that  may  be  more  or  less 
compressed  by  a  rod  fsd  passing  through  a  hole  within  the 
tube  at  AA.  Having  observed  to  what  degree  different  forces 
or  given  weights  are  capable  of  compressing  the  spiral,  put  di- 
visions upon  the  rod  in  such  a  manner  that  the  mark  observed 
at  s  in  all  positions  of  that  rod  shall  indicate  the  weight  requi- 
site to  force  the  spring  into  the  corresponding  position  cd. 
Afterwards  join  perpendicularly  to  this  rod  at  f  a  plane  sur- 
face EFE  of  a  given  area,  either  greater  or  less,  as  may  be 
judged  proper :  then  nothing  more  is  necessary  than  to  oppose 
this  instrument  to  the  wind,  in  order  that  it  may  strike  the 
surface  in  the  directions  ve,  ye,  parallel  to  that  of  the  rod ; 
and  the  mark  at  s  will  shew  the  weight  to  which  the  wind  is 
equivalent.  It  will  then  be  easy  to  reduce  any  observed  force 
to  a  volume  of  water  equivalent  to  it  in  energy ;  and  so  in  all 
cases  ascertain  the  magnitude  of  the  force  whicn  the  wind  exerts. 

60.  The  most  usual  method  of  applying  wind  as  a  mover  of 
machinery  is  in  the  construction  of  wmdmills  for  different  pur- 
poses, in  which  the  wind  produces  its  effect  by  impulse  upon 
the  sails.  In  these  machines,  therefore,  whatever  varieties  there 
may  be  in  the  internal  structure,  there  are  certain  rules  with 
regard  to  the  position,  shape,  and  magnitude  of  the  sails,  which 
will  bring  them  into  the  best  state  for  the  action  of  the  wind, 
and  the  jM-oduction  of  useful  effect.  These  particulars  have 
been  considered  much  at  large  by  Mr.  Smeaton :  for  this  pur- 
pose he  constructed  a  machine  or  which  a  particular  desmptiou 
18  given  in  the  Philosophical  Transactions,  vol.  51.  or  in  the 
quarto  collection  of  his  "  Miscellaneous  Papers,**  p.  65.  By 
means  of  a  determinate  weight  it  carried  rouDd  an  axis  with  an 
horizontal  arm,  upon  which  were  four  small  moveable  sails. 
Thu«  the  sails  met  with  a  constant  and  equable  blast  of  lur ; 
and  as  they  moved  round,  a  string  with  a  weight  affixed  to  it 
was  wound  about  their  axis,  and  thus  showed  what  kind  of 
size  or  construction  of  sails  answered  the  purpose  best*  With 
this  machine  a  great  number  of  experiments  were  made ;  the 
results  of  which  are  as  follow : 

(1.)  The  sails  set  at  the  angle  with  the  axis,  proposed  as  the 
best  by  M.  Parent  and  others,  viz.  65%  was  round  to  be  the 
worst  of  any  that  was  tried* 

(2.)  When  the  angle  of  the  sails  with  the  axis  was  increased 
from  7^  to  75%  the  power  was  augmented  in  the  proportion 
of  •'$1  to  45 ;  and  this  is  the  angle  most  commonly  in  use  when 
^e  sails  arp^  planes.     See  art.  547.  vol.  I. 
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(8.)  Were  nothing  more  requisite  than  to  cause  the  sails  to 
acquire  a  certain  degree  of  velocity  by  the  wind,  the  position 
recommended  by  M.  Parent  would  be  the  best.  But  if  the  sails 
are  intended  with  given  dimensions  to  produce  the  greatest  efl 
fects  possible  in  a  given  time,  we  must,  if  planes  are  made  use 
of,  confine  our  angle  within  the  limits  of  7^  and  75  degrees. 

(4.)  The  variation  of  a  degree  or.  two,  when  the  angle  is  near 
the  best,  is  but  of  little  consequence. 

(6.)  When  the  wind  falls  upon  concave  sails  it  is  an  advan- 
tage to  the  power  of  die  whole,  though  each  part  separately 
taken  should  not  be  disposed  of  to  the  oest  advantage. 

(6k)  From  several  experiments  on  a  large  scale,  Mr.  Smeaton 
has  found  the  following  angles  to  answer  as  well  as  any.  The 
radius  is  supposed  to  be  divided  into  six  parts ;  and  -^th,  reckon- 
ing from  the  centre,  is  called  1,  the  extremity  being  denoted  6. 

Angle  with 

the  plane  of 

motion. 

19 

18  middle. 

16 

l^ 

7  extremity. 

(7.)  Having  thus  obtained  the  best  method  of  weathering  the 
sails,  i.  e.  the  most  advantageous  manner  in  which  they  can  be 

E laced,  our  author's  next  care  was  to  try  what  advantage  could 
e  derived  from  an  increase  of  surface  upon  the  same  radius. 
The  resnilt  was,  that  a  broader  sail  requires  a  larger  angle ;  and 
when  the  sail  is  broader  at  the  extremity  than  near  the  centre, 
"the  figure  is  more  advantageous  than  that  of  a  parallelogram. 
The  figure  and  proportion  of  enlarged  sails,  which  our  author 
determmes  to  be  most  advantageous  on  a  large  scale,  is  that 
where  the  extreme  bar  is  one-third  of  the  radius  or  whip  (as  the 
workmen  call  it),  and  is  divided  by  the  whip  in  the  proportion 
of  3  to  5.  The  triangular  or  loading  sail  is  covered  with  board 
from  the  point  downward  of  its  height,  the  rest  as  usual  with 
cloth.  The  angles  above-mentioned  are  likewise  the  most 
proper  for  enlarged  sails;  it  being  found  in  practice,  that  the 
sails  should  rather  be  too  little  tlutn  too  much  exposed  to  the 
direct  action  of  the  wind. 

Some  have  imagined,  that  the  more  sail  the  greater  would  be 
the  power  of  the  windmill,  and  have  therefore  proposed  to  fill 
up  the  whde  area ;  and  by  making  each  sail  a  sector  of  an  e\r 


J*% 

Angle  with 

NO. 

that  axis. 

1 

TS" 

e 

71 

3 

72 

4 

74 

s 

m 

6 

83 

Hi  MECHANICS. 

lipsis,  according  to  M.  Parent's  method,  to  intercept  tbe  whole 
cylinder  of  wind,  in  order  to  produce  the  greatest  efiFect  possi- 
ble. From  our  author's  experiments,  however,  it  appeared, 
that  when  the  surface  of  all  the  sails  exceeded  seven»eighths  of 
the  area,  the  effect  was  rather  diminished  than  augmented. 
Hence  he  concludes,  that  when  the  whole  cylinder  of  wind,  is 
intercepted,  it  cannot  then  produce  the  greatest  effect,  for  want 
of  proper  interstices  to  escape. 

"  It  is  certainly  desirable  (says  Mr.  Smeaton,)  that  the  sails 
of  windmills  should  be  as  short  as  possible ;  but  it  is  equally 
desirable,  that  the  quantity  of  cloth  should  be  the  least  that 
may  be,  to  avoid  damage  by  sudden  squalls  of  wind.  The  best 
structure,  therefore,  for  large  mills,  is  that  where  the  quantity 
of  cloth  is  the  greatest  in  a  given  circle  that  can  be :  on  this 
condition,  that  the  effect  holds  out  in  proportion  to  the  quantity 
of  cloth ;  for  otherwise  the  effect  can  be  augmented  in  a  given 
degree  by  a  lesser  increase  of  cloth  upon  a  larger  radius  than 
would  be  required  if  the  cloth  was  increased  upon  the  same 
radius/' 

(8.)  The  ratios  between  the  velocities  of  windmill  sails  un* 
loaded,  and  when  loaded  to  their  maximum,  turned  out  very 
different  in  different  experiments;  but  the  most  common  pro- 
portion was  as  3  to  2.  In  general  it  happened  that  where  the 
]70wer  was  greatest,  whether  by  an  enlargement  of  the  surface 
of  the  sails  or  an  increased  velocity  of  the  wind,  the  second  term 
of  the  ratio  was  diminished* 

(9.)  The  ratios  between  the  least  load  that  would  stop  the 
sails  and  the  maximum  with  which  they  would  turn,  were  con- 
fined betwixt  that  of  10  to  8  and  10  to  9 ;  being  at  a  medium 
about  10  to  8*3,  and  10  to  9,  or  about  6  to  5;  though  on  the 
whole  it  appeared,  that  where  the  angle  of  the  sails  or  quantity 
of  cloth  was  greatest,  the  second  term  of  the  ratio  was  less. 

(10.)  The  velocity  of  windmill  sails,  whether  unloaded  or 
loaded,  so  as  to  produce  a  maximum,  is  nearly  as  the  velocity 
of  the  wind,  their  shape  and  position  being  the  same.  On  this 
subject  Mr.  Ferguson  remarks,  that  it  is  almost  incredible  to 
think  with  what  velocity  the  tips  of  the  sails  move  when  acted 
upon  by  a  moderate  wind*  He  has  several  times  counted  the 
number  of  revolutions  made  by  the  sails  in  10  or  15  minutes; 
and,  from  the  length  of  the  arms  from  tip  to  tip,  has  computed, 
that  if  a  hoop  of  the  same  size  were  to  run  upon  plain  ground 
with  an  equal  velocity,  it  would  go  upwards  of  30  miles  in  an 
hour. 

(11.)  The  load  at  the  maximum  is  nearly,  but  somewhat  less 
than,  as  the  square  of  the  velocity  of  the  wind ;  the  shape  and 
fX>sition  of  the  sails  being  the  same. 
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(1^.)  The  ^tkct^  of  the  i^tne  sails  at  a  maxitnum  are  nearly, 
hut  somewhat  less  than,  as  the  cubes  of  the  velocity  of  the 
wind. 

(18,)  The  load  of  the  same  sails  at  a  maximum  is  neariy  as 
the  sc]uares,  and  the  effect  as  the  cubes  of  thdr  number  of 
tums^m  a  jg^iven  time. 

(14.)  When  sails  are  loaded  so  as  to  produce  a  maximum  at 
a  given  velocity,  and  the  velocity"  of  the  wind  increases,  the 
load  continuing  the  s&me;  then  the  increase  of  effect,  when 
the  increase  of  the  velocity  of  the  wind  is  small,  will  be  nearly 
as  the  sauares  of  these  velocities:  but  when  the  velocity  of  the 
wind  is  double,  the  effects  will  be  nearly  as  10  to  27i ;  and  when 
the  velocities  compared  are  more  than  double  of  that  where  the 
given  load  produces  a  maximum,  the  effects  increase  nearly  in 
a  simple  ratio  of  the  velocity  of  the  wind.  Hence  our  author 
concludes,  that  windmills,  such  as  the  different  species  for 
draining  water,  &c.  lose  much  of  their  effect  by  acting  against 
one  invariable  opposition. 

(15<)  In  sails  of  a  similar  figure  and  position,  the  number  of 
turns  in  a  given  time  will  be  reciprocally  as  the  radius  or  length 
of  the  sail. 

(16.)  The  load  at  a  maximum  that  sails  of  a  similar  figure  and 
position  will  overcome,  at  a  riven  distance  from  the  centre  of 
motion,  will  be  as  the  cube  of  the  radius. 

(17.)  The  effects  of  sails  of  similar  position  and  figure  are  as 
the  square  of  the  radius.  Hencc^  augmenting  the  length  of  the 
sail  without  augmenting  the  quantity  of  cloth,  does  not  increase 
the  power ;  because  what  is  gained  by  length  of  the  lever  is  lost 
by  tne  slowness  of  the  motion.  Hence  also,  if  the  sails  are  in- 
creased in  length,  the  breadth  remuning  the  same,  the  effect 
will  be  as  the  radius. 

(18.)  The  velocity  of  the  extremities  of  the  Dutch  siuls,  as 
well  as  of  the  enlarged  sails,  either  unloaded  or  eveil  when 
loaded  to  a  maximum,  is  considerably  greater  than  that  of  the 
wind  itself;  This  appears  plainly  from  the  observations  of  Mr. 
Ferguson,  already  related,  concerning  the  velocity  of  sails. 

(190  From  many  observations  of  the  comparative  ^ects  of 
sails -of  various  kinds,  Mr.  Smeaton  concludes,  that  the  enlarged 
sails  are  superior  to  those  of  the  Dutch  oonstrucdon. 

(^.)  He  also  makes  several  just  remarks  upon  those  wind- 
mills which  are  acted  upon  by  the  direct  impulse  of  the  wind 
against  sails  fixed  to  a  vertical  shaft :  his  objections  have,  we 
believe,  been  justified  in  every  instance  by  the  inferior  efficacy 
of  these  horizontal  mills. 

^^  The  disadvantage  of  horizontal  windmills  (says  he)  does 
not  ccHisist  in  this,  that  each  sail,  when  directly  opposed  to  the 
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wind,  is  capable  of  a  less  power  than  an  oblique  one  of  the  same 
dimensions ;  but  that  in  a  horizontal  windmill  little  more  than 
one  sail  can  be  acting  at  once ;  whereas,  in  the  common  wind- 
niill,  all  the  four  act  together ;  and  therefore,  supposing  each 
vane  of  a  horizontal  windmill  to  be  of  the  same  size  with  that 
of  a  vertical  one,  it  is  manifest  that  the  power  of  a  vertical  mill 
will  be  four  times  as  great  as  that  of  a  horizontal  one,  let  the 
number  of  vanes  be  what  they  will.  This  disadvantage  arises 
from  the  nature  of  the  thing ;  but  if  we  consider  the  further 
disadvantage  that  arises  from  the  difficulty  of  getting  the  sails 
l>ack  again  against  the  winds,  &c.  we  need  not  wonder  if  this 
kind  of  mill  is  in  reality  found  to  have  not  above  one-eighth  or 
one-tenth  of  the  power  of  the  common  sort ;  as  has  appeared 
ill  some  attempts  of  this  kind."^ 

51.  Another  first  mover,  of  whose  effects  it  may  be  proper 
to  ffve  some  account,  is  fired  gunpowder.  These  effects  are 
too  violent  and  sudden  to  allow  of  their  being  applied  to  many 
practical  purposes  (the  chief  use  of  gunpowder  being  in  the 
discharge  of  balls  and  shells  from  guns  and  mortars  ;)  but  they 
aj'e  so  prodigious  and  extraordinary,  and  are  so  importatit  in 
Ihe  art  of  war,  that  it  may  be  naturally  expected  we  should 
give  some  estimate  of  them  in  this  place. 

Now,  to  understand  the  force  of  gunpowder,  it  must  be 
considered  that  whether  it  be  fired  in  a  vacuum  or  in  air^  it 
produces  by  its  explosion  a  permanently  elastic  fluid :  and  it 
appears  from  experiment  that  the  elasticity  or  pressure  of  the 
duid  produced  by  this  firing  of  gunpowder  is,  cceteris  paribus^ 
directly  as  its  density. 

To  determine  the  elasticity  and  quantity  of  this  fluid  pro- 
duced from  the  explosion  of  a  given  quantity  of  gunpowder^ 
Mr.  Bobins  premises,  that  the  elasticity  increases  by  heat,  and 
diminishes  by  cold,  in  the  same  manner  as  that  of  the  air ;  and 
that  the  density  of  this  fluid,  and  consequently  its  weight,  is  the 
same  with  the  weight  of  an  equal  bulk  of  cur,  having  the  same 
elasticity  and  the  same  temperature.  From  these  principles, 
and  from  the  experiments  by  which  they  are  established  (for  a 
detail  of  which  we  must  refer  to  the  book  itself,)  he  concludes 
that  the  fluid  produced  by  the  firing  of  gunpowder  is  nearly  -jV 
of  the  weight  of  the  generating  powder  itself;  and  that  the 
volume  or  bulk  of  this  air  or  fluid,  when  expanded  to  the  rarity 
of  common  atmospheric  air,  is  about  S44  times  the  bulk  of  the 
said  generating  powder. — Count  Saluce,  in  his  Miscel.  PhiL 
Mathem.  Soc.  Priv.  Taurin.  p.  125,  makes  the  proportion  as 
S222  to  1 ;  which  he  says  agrees  with  the  computation  of  Messrs. 
Hauksbee,  Amontons,  and  Belidor. 

Hence  it  would  follow  that  any  quantity  of  powder  fired  in 
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any  ooDfined  space,  which  it  adequately  fins,  exerts  at  the  in-* 
stant  of  its  explosion  agsunst  the  sides  of  the  vessel  containing 
it,  and  the  booies  it  impels  before  it,  a  force  at  least  244!  times 
greater  than  the  elasticity  of  common  air,  or,  which  is  the  same 
things  than  the  pressure  of  the  atmosphere ;  and  this  without 
tonsidering  the  great  addition  arising  from  the  violent  degree  of 
heat  with  which  it  is  endued  at  that  time;  the  quantity  of 
which  augmentation  is  the  next  head  of  Mr.  Robins's  enquiry. 
He  determines  that  the  elasticity  of  the  air  is  augmented  in  a 
proportion  somewhat  greater  than  that  of  4  to  1,  when  heated 
to  tne  extremest  heat  of  red-hot  iron ;  and  supposing  that  the 
flame  of  fired  gunpowder  is  not  of  a  less  degree  of  heat|  in- 
creasing the  former  number  a  little  more  than  4  times,  makes 
nearly  1000 ;  which  shows  that  the  elasticity  of  the  flame,  at  the 
moment  of  explosion,  is  about  1000  times  stronger  than  the 
elasticity  of  common  air,  or  than  the  pressure  of  the  atmosphere. 
But,  from  the  height  of  the  barometer,  it  is  known  that  the 
pressure  of  the  atmosphere  upon  every  square  inch  is  on  a 
medium  141  lb.;  and  therefore  1000  times  this,  or  147501b. 
is  the  force  or  pressure  of  the  flame  of  gunpowder,  at  the  mo- 
ment of  explosion,  upon  a  square  inch,  wliich  is  very  nearly 
equivalent  to  6  tons  and  a  half. 

This  ^eat  force,  however,  diminishes  as  the  fluid  dilates  itself, 
and  in  that  proportion,  viz.  in  proportion  to  the  space  it  occu- 
pies, it  being  only  half  the  strength  when  it  occupies  a  double 
space,  one-third  the  strength  when  the  triple  space,  and  so  on. 

Mr.  Robins  further  sUppbsed  the  degree  of  neat  above  men- 
tioned to  be  a  kind  of  medium  heat ;  but  that  in  the  case  of 
large  quantities  of  powder  the  heat  will  be  higher,  and  in  very 
fimall  quantities  lower ;  and  that  therefore  in  the  former  case 
the  force  will  be  somewhat  more,  and  in  the  latter  somewhat 
less,  than  1000  times  the  force  of  the  atmosphere. 

He  further  found  that  the  strength  of  powder  is  the  same  ia 
all  variations  in  the  density  of  the  atmosphere :  but  that  the 
moisture  of  the  air  has  a  great  efiPect  upon  it;  for  the  same 
quantity  which  in  a  dry  season  would  discharge  a  bullet  with  a 
velocity  of  1700  feet  in  one  second,  will  not  m  damp  weather 
give  it  a  velocity  of  more  than  1 2  or  1300  feet  in  a  second,  or 
even  less,  if  the  powder  be  bad,  and  negligently  kept.  Robins^s 
Tracts,  vol.  1,  p.  101,  &c.  Further,  as  there  is  a  certain 
quantity  of  water  which,  when  mixed  with  powder,  will  pre- 
vent its  firing  at  all,  it  cannot  be  doubted  but  every  degree  of 
moisture  must  abate  the  violence  of  the  explosion ;  and  hence 
the  effects  of  damp  powder  are  not  difficult  to  account  for. 

The  velocity  ot  expansion  of  the  flame  of  gunpowder,  when 
fired  in  a  [Hece  of  artillery,  without  ^ther  buBet  or  other  body 
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before  it,  is  prodigiously  great,  viz.  7000  feet  per  second^  or 
upwards,  according  to  the  experiments  of  Mr.  Kobins.  But 
M.  Bernoulli,  and  M.  Euler  think  it  is  still  much  ^eater. 

Dr.  Hutton,  after  applying  some  requisite  corrections  to  Mr. 
Robins's  numbers,  and  after  remarking  that  the  powder  does 
not  all  inflame  at  once,  as  well  as  that  about  -/g^  of  it  consists  of 
gross  matter  not  convertible  into  an  elastic  fluid,  gives  v  = 

126  V(r~   X  log.  of  — )  for  the  initial  velocity  of  any  bail 

^  IG  +  q  ^  fi  , 

of  given  weight  and  magnitude,  and  n  =  gfsoaift  ^  "^  ^^^^T 

for  the  value  of  the  initial  force  n  of  the  powder  in  atmospheric 
pressures :  where  a=.  length  of  the  bore  occupied  by  the  char^, 
b  =  whole  length  of  the  bore,  d  =:  diameter  of  the  ball,  w  =  its 

weight,  2p= weight  of  the  powder,  ?=-j.    In  his  experiments 

and  results  he  found  n  to  vary  between  1700  and  S300 ;  and 
the  velocity  of  the  flame  to  vary  between  3000  and  4732 ;  spe- 
cifying, however,  the  modification  in  his  computations  which 
would  give  more  than  7000  feet  per  second  for  that  velocity. 
Taking  2200  for  an  average  value  of  w,  and  substituting  47  for 
its  square  root  in  the  above  formula  for  u,  it  becomes  v  =.  5875 

V{tJ^  X  log.  of—  )  for  the  velocity  of  the  ball,  a  theorem  which 

agrees  remarkably  well  with  the  doctor's  numerous  and  va- 
luable experiments ;  {Tracts,  vol.  iii.  pp.  290 — 315.)  though  it 
falls  a  little  short  of  the  velocities  observed  in  the  years  1816— 
1818,  in  the  experiments  carried  on  by  General  Millar,  Col. 
Griffiths  and  myself. 
In  a  French  work  entitled  "  Le  Mouvement  IgnS^  considere 

[)riucii)alement  dans  la  charge  d'une  Piice  d'Artillerie,"  pub- 
isbed  in  1809)  there  are  advanced,  among  some  notions  which 
we  apprehend  few  philosophers  will  be  inclined  to  adopt,  some 
which  may  demand  and  deserve  a  careful  consideration.  The 
author  of  this  work  observes  that  if  a  fluid  draws  its  force,  partly 
from  a  gaseous  or  aeriform  matter,  and  partly  from  the  action 
of  caloric,  which  rarefies  that  aeriform  matter ;  then  its  density 
in  the  process  of  dilatation,  will  follow  the  inverse  ratio  of  the 
spaces  described,  and  at  the  same  time  the  intensity  of  the  heat 
will  follow  the  same  ratio :  so  that  the  force  of  the  totality  of 
the  fluid  will  conform  to  the  inverse  ratio  of  the  squares  of  the 
spaces  described.  He  then  investigates  two  classes  of  formulae : 
the  first  appertain  to  fluids  which  possess  simply  the  fluid  or 
aeriform  elasticity,  which  are  free  from  all  heat  exceeding  the 
temperature  of  the  atmosphere ;  whether  there  be  one  or  many 
gaseous  ^bstances  signifies  not,  provided  their  temperature 
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agrees  with  tliat  of  the  atmosphere ;  for  when  these  dikte  they 
conform  to  the  inverse  ratio  of  the  spaces  described.  The 
second  relate  to  those  which  derive  their  elasticity  as  well  from 
the  aeriform  fluids  as  from  the  matter  of  heat  which  pervades 
diem,  and  which  are  denominated  fluida  qfmixt  ehatidty^  to 
distinguish  them  from  those  of  simple  or  purely  aeriform  elas* 
ticity:  these  fluids,  in  dilating,  conform  to  the  inverse  ratio  of 
the  squares  of  the  spaces  described.  Thus  the  celerity  of  action 
of  mixed  elastic  fluids,  is  to  that  of  simple  elastic  fluids,  as  s*  to 
s ;  whence  it  follows  that  mixed  elastic  fluids  are  more  pronopt 
and  energetic  in  their  action  than  others ;  and  hence  also  is  in- 
ferred why  the  fluid  produced  by  the  combustion  of  gunpowder 
is  more  impetuous  and  more  terrible  in  its  operation  than 
atmospheric  air,  however  compressed  it  may  be.  The  force 
exertra  by  the  caloric  to  dissolve  a  quantity  of  powder,  is  re* 
swarded  as  equal  to  that  possessed  by  the  fluid  which  results 
from  that  dissolution,  and  is  nam.ea,^>rc^  of  disso/tdion  of 
powder  by  fire :  and  the  surface  of  least  resistance,  is  that  (as 
of  the  ball)  which  yields  to  the  action  of  the  fluid.  The  gun- 
fK)wder  subjected  to  experiment  by  this  author,  was  of  seven 
different  qualities,  varymg  from  1000  the  density  of  water, 
down  to  946  the  density  of  the  powder  used  by  sportsmen.  It  . 
was  found  by  theory,  and  confirmed  by  experiment,  that  the 
real  velocity  with  which  the  elastic  fluid  considered  under  the 
volume  of  the  powder,  and  penetrated  by  a  degree  of  heat  ca- 
pable of  quadrupling  the  volume^  would  expand  when  it  had 
only  the  resistance  of  the  atmosphere  to  surmount,  is  2546«49 
feet,  that  is,  about  2734-4  feet  English. 

Comparing  the  several  forces  which  were  calculated  for  the 
same  quantity  of  powder  in  three  different  circumstances : 

1.  When  tlie  fluid  has  only  to  surmount  the  atmospheric 
pressure,  it  has  a  force  of  dissolution  which  is  proper  to  it,  and 
which,  in  a  charge  of  8  lbs.  of  powder,  specific  gravity  944*72, 
for  a  24-pounder,  acts  upon  the  surface  of  least  resistance  with 
an  energy  equivalent  to  9747-8074  pounds. 

2.  The  fluid,  retarded  in  its  expansion  by  a  surface  of  least 
resistance,  whose  tenacity  (occasioned  by  the  compactness  and 
pressure  of  the  wadding,  &c.)  t  rr  81  pounds,  acquires  by  its 
elasticity  a  force  z:  52839-1463  pounds,  at  the  instant  when 
that  surface  yields  to  its  action. 

3.  If  the  tenacity  t  =:  298  pounds,  the  force  of  the  fluid  at 
the  moment  when  the  resisting  surface  yields  to  it  will  be  equi- 
valent to  417371-4275  pounds. 

If  each  of  these  forces  be  divided  by  the  sur(|ice  of  least  re- 
sistance, the  quotient  will  indicate  tlie  force  of  each  fluid 
filament,  namely, 
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1.  That  of  the  force  of  dissolution  =:  178*63  grains. 

2.  When  t  =  31  lbs.  that  of  elasticity  =  9^3-26  grains. 
8.  When  T  =  298  lbs.  force  elastic  =7438-99  grains. 
Dividing  again  these  latter  values  by  the  length  of  the 

charges,  we  shall  have  for  the  mean  force  of  each  elementary 
fluid  particle 

1.  Force  of  dissolution        .         .         =  0»14206  grains. 
•    2.  When  T  =:  31  lbs.  force  elastic        rr  0-76640  grains. 

3.  When  t  =298  lbs.  force  elastic  =:  6-08174  grains* 
It  appears,  however,  that  equal  charges  of  powder  of  the 

same  quality,  employed  in  the  same  piece,  produce  very  different 
velocities,  the  more  considerable  being  the  resistance  to  the  ex- 
pansion of  the  fluid,  the  less  the  velocity  becomes.  Thus,  it  is 
found  that  when  t  =  31  lbs.  the  velocity  of  the  ball  when  ex- 
pelled at  the  mouth  of  the  piece  is  1663*6  feet:  when  t  =: 
298 lbs.  V  =  13509 feet. 

The  following  table  will  exhibit  in  one  view,  the  velocities 
with  which  a  24  pound  ball  issues  from  the  mouth  of  a  gun, 
when  propelled  with  the  several  charges  expressed  in  the  first 
column.  1st.  According  to  the  theory  developed  in  the  volume 
from  which  we  have  made  these  extracts.  2dly.  According  to  the 
experiments  of  M.  Lombard  at  Auxerre,  on  guns  for  land  ser- 
vice. 3dly.  According  to  the  experiments  of  M .  Teixier  de 
M  orbec,  at  Toulon,  on  guns  for  sea  service.  4th]y  and  6thly, 
According  to  the  determinations  of  Mr.  Robins  and  Dr.  Hutton* 
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It  is  the  prodigious  celerity  of  expansion  of  the  flame  of  fired 
gunpowder  which  is  its  peculiar  excellence,  and  the  circum- 
stance in  which  it  so  eminently  surpasses  all  other  inventions^ 
either  ancient  or  modern:  for  as  to  the  momentum  of  these 
projectiles  only,  many  of  the  warlike  machines  of  the  ancients 
produced  this  m  a  degree  far  surpassing  that  of  our  heaviest 
cannon  shot  or  shells;  but  the  great  celerity  given  to  them 
cannot  be  approached  with  facility  by  any  otlier  means  than  the 
explosion  of  powder. 
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52.  Since  the  important  invention  of  the  Steanv-eiigine^  an* 
other  species  of  first  movers  has  come  under  the  consideration 
of  the  mechanical  investigator,  namely,  such  as  arise  from  the 
volatilisation  of  different  fluids.  Of  these  the  one  most  com- 
monly chosen  is  the  steah  raised  from  hot  water,  which  is  an 
elastic  fluid,  and  which  when  raised  with  the  ordinary  be^t  of 
boiling  water  is  almost  SOOO  times  rarer  than  water,  or  more 
than  Si  times  rarer  than  air,  and  then  has  its  elasticity  equal  to 
that  of  the  common  atmospheric  air :  by  great  heat  it  has  been 
found  that  the  steam  may  be  expanded  into  14000  times  the 
space  of  water,  and  then  exerts  a  force  of  nearly  5  times  the 
pressure  of  the  atmosphere :  and  there  is  no  reason  to  suppose 
this  is  the  limit :  indeed  some  accidents  which  have  happened 
prove  clearly  that  the  elastic  force  of  steam  may  at  least  equal 
that  of  gunpowder. 

The  ol)servations  on  the  different  degrees  of  temperature 
acquired  by  water  in  boiling,  under  different  pressures  of  the 
atmosphere,  and  the  formation  of  the  vapour  from  water  under 
the  receiver  of  an  air-pump,  when  with  the  common  tempera- 
tures the  pressure  is  diminished  to  a  certain  degree,  show  clearly 
that  the  expansive  force  of  vapour  or  steam  is  different  in  the 
different  temperatures,  and  that  in  general  it  increases  in  a  va- 
riable ratio  as  the  temperature  is  raised.  Previous  to  describing 
the  method  which  has  been  adopted  to  measure  the  force  of 
steam  under  different  temperatures,  it  will  be  proper  to  describe 
briefly  the  method  bv  which  the  Chemists  account  for  the  pro- 
duction of  aeriform  nuids. 

53,  The  term  Caloric  is  used  to  denote  the  cause,  whatever 
it  may  be,  of  heat,  and  of  the  phenomena  which  accompany 
heat :  it  is  now  almost  universally  admitted  to  be  a  highly  elastio 
fluid.  Every  body  is,  according  to  its  nature,  capable  of  con-» 
taining  under  a  given  volume  a  certain  quantity  of  caloric, 
either  greater  or  less:  this. property  was  first  observed  by  Dr, 
Black,  and  the  English  chemists  designated  it  by  the  term 
Capacity  of  a  body  to  contain  the  matter  of  beat.  Professor 
Wilcke  and  M.  Lavoisier  first  made  use  of  the  term  specific 
eahricy  denoting  by  it  the  quantity  of  caloric  respectively  ne- 
cessary to  elevate  to  the  same  number  of  degrees  the  tempera-* 
ture  of  several  bodies  of  equal  weight. 

Substances  volatilised  and  reduced  to  gas,  or  aeriform  fluids, 
are  nothing  else  than  ordinary  solid  or  fluid  bodies  which  by 
some  circumstance  are  found  superabundantly  combined  with 
caloric,  in  such  a  manner  that  the  constituent  particles  of  these 
bodies  are  separated  the  one  from  the  other,  by  a  quantity  of 
ambient  caloric  much  more  considerable  than  that  which  sur- 
rounds the  same  particles  in  the  natural  state  of  the  bodies. 
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The  extreme  elasticity  of  the  caloric  the  effect  of  which  is  aug- 
mented by  its  condensation,  and  the  weakening  of  the  reci- 
procal attraction  or  of  the  cohesion  of  the  particles  of  the  bodies 
(a  weakening  or  diminution  produced  by  the  increased  distance 
of  those  particles)  concur  to  diminish  the  density  of  the  bodies 
in  such  a  manner  that  they  become  reduced  to  an  aeriform  state. 

54.  As  to  the  elasticity  of  gaseous  fluids  thus  formed,  it  ap- 
pears in  great  measure  to  be  produced  by  the  elasticity  of 
caloric  itself,  which,  when  bodies  are  reduced  to  the  gaseous 
state,  occupy  a  very  great  part  of  their  volume.  This  eminent 
elasticity  of  caloric  tends  continually  to  produce  expansion ;  on 
the  other  hand,  this  fluid,  by  a  particular  destination  of  nature, 
is  mote  or  less  disseminated  between  the  moleculse  of  all 
bodies,  in  such,  sort  that  we  may  say  with  M.  Lavoisier  that 
even  in  the  solid  state  these  moleculse  do  not  touch,  but,  as  it 
were,  swim  in  the  caloric  at  a  certain  distance  from  each  other. 
There  must,  therefore,  be  a  perpetual  contest  between  the  ex- 
pansive force  of  caloric  which  tends  to  disseminate  the  mole- 
cular, and  the  cohesive  attraction  of  the  moleculse  which  tends 
to  join  them  together.  From  the  reciprocal  intensity  of  these 
two  powers  results  the  solid  and  liquid  states  of  bodies:  thus, 
water  only  diflers  from  ice  by  the  greater  or  less  condensation 
of  caloric,  which  permits  more  or  less  of  the  molecular  of  the 
liquid  to  yield  to  the  effect  of  their  attraction  or  reciprocal  co- 
hesion. 

When  substances  pass  from  the  liquid  to  the  aeriform  state, 
there  is  a  third  power  to  combine  with  the  expansive  effort  of 
caloric,  and  the  aggregate  or  attractive  effort  of  the  mole- 
culae ;  namely,  the  pressure  of  the  atmosphere,  or  of  any  elastic 
fluid  whatever  which  compresses  the  fluid,  and  opposes  itself  to 
the  separation  of  its  parts.  This  third  power  has  a  certain  in- 
fluence also  upon  the  passage  from  the  solid  to  the  fluid  state, 
but  it  is  most  frequently  (in  this  case)  very  small,  and  even 
evanescent,  in  comparison  of  the  resistance  arising  from  the 
mutual  cohesion  or  the  moleculse.  The  contrary  effect  has 
place  in  the  course  of  the  passage  from  the  liquid  to  the  gaseous 
or  aSriform  state;  the  cohesion  of  the  fluid  molecules  being 
extremely  small,  the  elasticity  of  the  caloric  has  scarcely  any 
thing  to  surmount  to  produce  volatilisation  besides  the  prcssure 
of  the  atmosphere,  or  gas  which  actually  compresses  it. 

55.  Hence  it  results  that  the  same  liquid  under  different 
pressures  ought  to  volatilise  at  different  temperatures.  M, 
Lavoisier  proved  the  truth  of  this  result,  by  placing  ether  under 
the  receiver  of  an  air-pump,  and  producing  volatilisation  solely 
by  taking  off  a  part  of  the  pressure  of  the  atmosphere.  See 
Chymicj  tome  /.  pa.  9.     And  we  know  by  many  experiments 
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of  M.  Deluc  and  othersy^that  water  boils  the  more  speedily  as 
it  is  less  pressed  by  the  weight  of  the  atmosphere. 

Lavoisier  notices  a  curious  consequence  of  what  has  been 
here  said ;  which  is,  that  if  our  planet  revolved  upon  its  axis 
with  such  a  velocity  as  to  lessen  the  pressure  of  the  atmosphere^ 
cr  if  the  temperature  of  the  air  were  raised,  then  several  fluids 
which  we  now  see  under  a  liquid  state  would  only  exist  in  the 
aeriform  state ;  for  example,  if  under  the  temperature  of  sum-' 
mer  the  pressure  of  the  atmosphere  were  only  equivalent  to  20 
or  ^4  inches  of  the  barometrical  tube,  that  pressure  would  not 
retain  ether  in  the  fluid  state,  it  would  be  changed  into  gas ;. 
and  the  like  would  happen,  if  while  the  pressure  of  the  air  was 
equivalent  to  28  or  30  mches  of  the  mercury  the  habitual  tem- 
perature were  105  or  110  degrees  on  Fahrenheit's  scale. 

56.  The  principles  which  have  been  here  exhibited  are  suf- 
ficient for  the  understanding  of  all  which  relates  to  the  action 
of  water  or  other  fluids  reduced  to  vapour.  Now  it  has  ap« 
p>eared  from  frequent  experiments  that  water  heated  in  common 
air  volatilises  at  80^  ot  Reauraur'^s  thermometer,  or  212^  of 
Fahrenheit's,  the  height  of  the  barometer  being  28  French,  or 
29-9  English  inches :  and  spirits  of  wine  under  a  like  pressure 
volatilises  at  between  63°  and  64°  of  Reaumur,  or  nearly  175' 
of  Fahrenheit.  The  expansive  force  of  the  vapour  must,  there- 
fore, in  both  these  cases^  according  to  the  principles  just  ex- 
plained, be  measured  by  a  column  of  mercury  of  28  French,  or 
29*9  English  inches,  in  like  manner  as  such  a  column  measures 
the  pressure  of  the  atmosphere,  or  the  elasticity  of  common  air. 
And  at  any  more  elevatea  temperatures  the  elastic  force  of  the 
vapour  will  surpass  the  pressure  of  the  atmosphere  by  a  quantity 
which  has  a  certain  relation  with  the  excess  of  the  temperature 
above  those  just  stated. 

57.  Till  lately  there  was  wanting  on  this  important  subject  a 
series  of  exact  and  direct  experiments  by  means  of  which,  havmg 
given  the  temperature  of  the  heated  fluid,  the  expansive  force  of 
the  steam  rising  from  it  might  be  known,  and  vice  versa*  There 
was  likewise  wanting  an  analytical  theorpm  expressing  the  ref- 
lation between  the  temperature  of  the  heated  fluid  and  the 

5res4ure  with  which  the  force  of  the  steam  was  in  equilibrio. 
]*hese  desiderata  have,  however,  been  lately  supplied  with  all, 
desirable  success  and  accuracy. 

58.  The  investigation  was  much  simplified  by  the  discovery 
of  a  singular  property  of  vapours,  namely,  Ihat  their  density 
necessarily  depends  upon  their  temperature ;  so  that  to  every 
degree  of  temperature  belongs  a  certain  and  determinate  degree 
of  density,  which  remains  constant,  whilst  the  space  through 
which  the  vapour  is  difl^used  is  diminished  or  increased.     And. 
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this  happens,  because,  whilst  the  ^pace  occupied  is  diminished, 
a  part  of  the  vapour  is  condensed,  and  is  turned  into  water ; 
and  whilst  the  space  occupied  is  dilated,  the  subjacent  water 
disengages  a  fresh  supply  of  vapour ;  whence,  upon  the  whole, 
the  density  suiFers  no  change. 

69.  This  constant  density,  however,  of  vapour  only  obtains, 
where  there  is  a  quantity  of  water,  sufficient  to  furnish  so  much 
vapour  as  will  fill  the  whole  capacity  of  the  space,  through 
which  the  vapour  is  diffused,  and  will  maintain  it  at  tne 
assigned  degree  of  density.  Otherwise,  the  density  will  ne-^ 
cessarily  decrease,  and  will  go  on  decreasing  more  and  more, 
the  more  the  capacity  of  the  recipient  is  enlarged :  and,  on  the 
contrary,  if  this  capacity  be  diminished,  the  density  will  go  on 
increasing,  until  it  reach  the  assigned  degree ;  at  which  it  will 
remain  constant,  however  the  space  be  afterwards  diminished. 

When  vapour  is  employed  as  a  mechanical  agent,  there  is 
always  a  reservoir  of  water,  capable  of  evolving  new  vapour 
sufficient  to  keep  the  recipient  space  full.  Wherefore,  we  may 
safely  suppose  vapour  to  have  that  degree  of  density,  which 
belongs  to  its  temperature,  and  we  may  investigate  how  much 
its  elastic  force  increases,  whilst  its  temperature  increases. 

60.  Experiment.  This  investigation  was  conducted  with 
singular  accuracy  by  Dalton,  {Manchester  Mem.  1806.)  His 
apparatus  consisted  of  a  simple  barometer-tube,  of  which  th^ 
inner  surface  was  wetted  before  the  introduction  of  the  mer^ 
cury.  The  mercury,  well  freed  from  air,  having  been  after- 
wards poured  in,  after  the  usual  manner, 'the  tube,  having 
been  inverted,  and  its  mouth  immersed  in  a  vessel  full  of 
mercury,  the  moisture,  introduced  into  the  tube  was  collected 
in  the  vacuum  at  the  top,  and  a  thin  layer  of  water  stood  upon 
the  surface  of  the  mercury.  The  temperature  was  then  gra- 
dually increased,  by  pouring  water,  more  and  more  heated, 
into  a  gun-barrel  which  surrounded  the  whole  of  the  upper 
part  of  the  tube.  As  the  temperature  increased,  the  column 
of  mercury  sunk  more  and  more.  The  height  of  this  column 
having  been  subtracted  from  the  height  which  represents  the 
pressure  of  the  atmosphere,  that  is,  from  the  height  of  the  mer- 
cury in  a  common  barometer,  there  resulted  the  measure  of  the 
elasticity  of  the  vapour. 

61.  The  column  of  mercury  remaining  at  the  height  which 
corresponds  to  the  degree  of  the  temperature,  experiments 
were  made,  of  lowering  the  tube,  by  plunging  its  orifice  to  a 
greater  depth  in  the  subjacent  vessel  of  mercury ;  and  also  of 
raising  it ;  and  it  was  found,  in  both  cases,  that  the  height  of 
the  column  of  mercury,  above  the  level  of  that  in  the  vessel, 
always  remained  the  same.     This  is  an  evident  proof,  that  the 
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elasticity  of  the  vapour  also  remains  the  same,  although  the 
capacity  of  the  space  occupied  by  the  vapour  is  dimini^ed  ia 
the  first  case,  and  increased  in  the  second:  and  it  confirms 
the  position  that,  at  the  same  temperature,  the  density  of  the 
vapour  remains  constant. 

62.  The  correspondence  between  the  temperature  of  the 
vapour  and  its  elastic  force  is  as  follows,  exhibited  in  altitudes 
of  the  mercurial  column. 
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It  is  to  be  remarked  that,  with  Dalton^s  apparatus,  the  tem- 
perature could  not  be  carried  higher  than  that  of  boiling  water : 
nence  the  elasticities,  corresponding  to  temperatures  greater 
than  100^  cent.  21 S  Fahr.,  were  not  found  from  observaticm, 
but  from  calculations  made  upon  the  supposition  that  they  fp 
on  according  to  the  same  law,  as  that  which  they  follow  in 
lower,  temperatures ;  which  law  we  shall  proceed  to  investigate. 

63.  The  temperatures  increasing  in  arithmetic  progression, 
the  elasticities  increase  nearly  in  geometric  progression.  And 
it  will  be  found  that,  in  fact,  their  logarithms  increase  with  very 
nearly  equal  differences. 

64.  Bettanoourt  has,  also,  with  great  diligence,  succeeded 
in  investigating  the  elasticity  of  vapours.  His  apparatus  con- 
sisted of  a  large  vat  or  boiler,  a  determinate  portion  of  which 
he  filled  with  water ;  he  then  closed  it  hermetically,  and  ex- 
hausted the  air;  afterwards,  applying  fire  below  it,  he  gra- 
dually raised  the  temperature  of  the  water,  and  of  the  vapour 
which  is  disengaged  from  it,  and  diffused  through  the  vacuum, 
of  the  boiler.  A  long  barometer,  in  the  form  of  a  syphon, 
communicated  with  the  interior  of  the  boiler.  In  proportion 
as  the  vapour,  more  and  more  heated,  acquired  force,  the  level 
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of  the  mercury  fell  m  the  nearer  branch  of  the  syphon,  ftncl 
rose  in  the  other  branch.  The  difference  of  the  levels  uiea^ 
sured  the  elasticity  of  the  vapour,  at  the  same  time  that  a  ther- 
tnometer,  with  its  bulb  plunged  in  the  boiler,  and  rising  out  of 
it  with  a  long  neck,  indicated  the  corresponding  temperature. 

The  results  of  Bettancourt's  experiments,  although  they  do 
not  exactly  coincide  with  those  of  the  experiments  of  Dalton, 
are,  however,  sufficiently  conformable  to  them.  And  thus  the 
law  of  nature,  which  establishes  a  correspondence  between  the 
temperature  and  the  elasticity  of  aqueous  vapour,  is  fully  as- 
certained, by  two  series  of  experiments,  conducted  according 
to  different  processes. 

Since  the  elasticity  increases  much  faster  than  the  tempera- 
ture, we  see  plainly  that,  in  very  high  temperatures,  the  force 
of  vapour  may  become  -surprisingly  great ;  and  thus  the  prodi- 
gious effects  which  are  related  of  it  become  accounted  for. 

65.  Mr.  Dalton"*s  first  experiments  with  spirit  of  wine  led 
him  to  adopt  the  same  conclusipn  as  M.  Bettancourt,  with  re- 
spect to  the  constant  ratio  between  the  force  of  the  vapour  from 
this  spirit  and  that  from  water ;  and  inferred  the  same  with 
regard  to  the  vapour  from  other  fluids.  But,  on  pursuing  the 
subject,  he  concluded  that  this  principle  was  not  true,  either 
with  respect  to  spirit  of  wine  or  any  other  liquid.  His  experi- 
ments upon  six  different  liquids  agree  in  establishing  as  a  ge- 
neral law,  *'  That  the  variation  of  the  force  of  xxipour  Jrom 
^^  all  liquids  is  the  same  Jbr  the  saine  variation  of  temperatttrey 
"  reckoning  Jrom  vapour  of  any  given  Jbrce^^ 

If  X  denote  the  degrees  of  heat  measured  on  Fahrenheit'^s 
thermometer  from  ^\%\  the  ordinary  boiling  point  of  water, 
waA  f  be  the  force  of  compression  measured  in  inches  of  mer- 
cury, then,  to  express  the  dastidty  of  the  steam  generated  from 
water,  we  have  tnis  logarithmic  formula ;  viz. 

Log.  /=log.  30  +  ^  log.  (1.250-.016.i^). 

Hence  when  x  is  known,  we  may  flnd^*,  which  measures  both 
the  compression  on  the  surface  of  the.  water,  and  the  elastic 
force  of  the  steam.  The  above  theorem  will  serve  to  estimate 
the  force  of  steam  generated  from  any  other  liquid,  provided 
it  be  reckoned  from  the  ordinary  bnUng  pcnnt  of  the  respective 
liquid,  when  the  baromet^  stands  at  80  inches. 

66.  There  remains  for  us  to  coni^der  another  kind  of  mover 
of  machinery,  which  is  Animal  Exertion,  and  whidi  is  of 
so  fluctuating  a  nature  that  it  is  not  easy  to  sul^ect  it  to  any 
estimate.  Physical  causes  must  affect  both  the  maffnitude  and 
duration  of  the  efforts  either  of  man  or  beast,  and  besides  this, 
the  strength  of  man  is  cimsideraUy  influ^ced  by  his  moral 
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habits.  The  various  combinationfi  of  these  different  causes 
have  occasiooed  a  variety  of  estimates  of  animal  labour  tq  be 
advanced  by  different  authors. 

In  the  first  volume  of  this  work  (art  378.)  we  stated  the 
average  force  of  a  man  at  rest  to  be  70  lbs.,  and  his  utmost 
walking  velocity  when  unloaded  to  be  about  6  feet  per  second; 
and  we  thence  inferred  th^t  a  mdn  would  produce  the  greatest 
momentum  when  drawing  31^  lbs.  along  a  horizontal  plane 
with  a  velocity  of  2  feet  per  second.  But  this  is  not  the  most 
advantageous  way  of  applying  human  strength. 

67.  Dr.  Desa^uliers  asserts,  that  a  man  can  raise  of  water 
or  any  of;her  weight  about  550  lbs.,  or  one  hogshead  (weight 
of  the  vessel  included),  10  feet  high  in  a  minute ;  this  statement> 
thoAigh  he  says  it  will  hold  good  for  6  hours,  appears  from  his 
own  mots  jto  be  too  high ;  and  is  certainly  such  as  could  not  be 
ooiidnued  pne  day  after  another.  Mr.  Sraeaton  considers  this 
work  as  the  effort  of  haste  or  distress ;  and  reports  that  6  good 
English  labourers  will  be  required  to  raise  ^1141  solid  feet  of 
seta  water  to  the  height  of  four  feet  in  four  hours :  in  this  case 
the  men  will  raise  a  very  little  more  than  6  cubic  feet  of  fresh 
water  each  to  the  height  of  10  feet  in  a  minute.  Now  the 
boghead  containing  about  Si  cubic  feet,  Smeaton's  allowance 
of  work  proves  less  than  that  of  Desaguliers  in  the  ratio  of  6 
to  8^  or  3  to  4j:.  And  as  his  good  English  labourers  who  can 
work  at  this  rate  are  estimated  by  him  to  be  equal  to  a  double 
set  of  xxuamon  men  picked  up  at  random,  it  seems  proper  to 
8ta;t;e  that,  with  the  probabilities  of  voluntary  interruption,  and 
olber  incidents,  a  man's  work  for  several  successive  days  ought 
Botto  be  valued  at  more  than  half  a  hogshead  raised  10  feet 
h%h  in  a  minute.  Smeaton  likewise  states  that  two  ordinary 
horses  swiU  do  the  work  in  three  hours  and  twenty  minutes, 
which  amov^ts  to  little  more  than  two  hogsheads  and  a  half 
raised  lOioet  tljgh  in  a  minute.  So  that,  if  these  statements 
he  SH>cura,te,  pne  horse  will  do  the  work  of  five  men. 

Mr.  Emerson  affirms,  that  a  man  of  ordinary  strepgth  turn- 
^ig  a  roller  ky  the  hajidle  can  act  for  a  whole  day  against  a 
reisi^tance  ,eqvial  to  30  pounds  weight ;  and  if  he  works  10 
howes  a  ^  b^  will  raise  a  weight  of  30  lbs.  through  3^  feet  in 
a)%^QGffid  iDf  time;  or,  if  the  weight  be  greater,  he  will  raise  it 
^  9,  proportionally  less  height  If  two  men  work  at  a  windlass 
^  i^oller^  they  can  more  easily  draw  up  70  lbs.  than  one  man 
Clin  ;30  Ibp. ;  provided  the  elbow  of  one  of  the  handles  be  at 
ri^t  aqgles  to  that  gf  the  other.  Men  used  to  bear  loads, 
such  as  porters,  will  carry  from  150  lbs.  to  200  or  250  lbs.  ac- 
cording to  their  strength.  A  man  cannot  well  draw  more  than 
70  lbs.  or  80  lbs.  hon^ontally :  apd  he  cannot  thrust  with  a 
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greater  force  acting  horizontally  at  the  height  of  his  shoulders 
than  27  or  80  lbs.  But  one  of  the  most  advantageous  ways 
in  which  a  man  can  exert  his  force  is  to  sit  and  pull  towards 
him  nearly  horizontally,  as  in  the  action  of  rowing. 

M.  Coulomb  communicated  to  the  French  National  Institute 
the  results  of  various  experiments  on  the  quantity  of  action 
which  men  can  afford  by  their  daily  work,  according  to  the 
different  manners  in  which  they  employ  their  strength.  In 
the  first  place  he  examined  the  quantity  of  action  which  men 
can  produce  when,  during  a  day,  they  mount  a  set  of  steps  or 
stairs,  either  with  or  without  a  burthen.  He  found  that  the 
quantity  of  action  of  a  man  who  mounts  without  a  burthlen, 
having  only  his  own  body  to  raise,  is  double  that  of  a  man 
loaded  with  a  weight  of  68  kilogrammes,  or  150  lbs.  avoir- 
dupois *,  both  contmuing  at  work  for  a  day.  Hence  it  appears 
how  much,  with  equal  fetigue  and  time,  the  total  or  absolute 
effort  may  obtain  different  values  by  varying  the  combinations 
of  effort  and  velocity. 

But  the  word  effect  here  denotes  the  total  quantity  of  labour 
employed  to  raise,  not  only  the  burthen,  but  the  man  himself; 
and,  as  Coulomb  observes,  what  is  of  the  greatest .  importance 
to  consider  is  the  useful  effect^  that  is  to  say,  the  total  effect, 
deducting  the  value  which  represents  the  transference  of  the 
weight  of  the  man's  body.  This  total  effect  is  the  greatest 
possible  when  the  man  ascends  without  a  burthen ;  but  the 
uaefhd  effect  is  then  nothing :  it  is  also  nothing  if  the  man  be 
so  much  loaded  as  to  be  scarcely  capable  of  moving:  and  con- 
sequently there  exists  between  these  two  limits  a  value  of  the 
load  such  that  the  useful  effect  is  a  maximum.  M.  Coulomb 
supposes  that  the  loss  of  quantity  of  action  is  proportional  to 
the  load  (an  hypothesis  which  experience  confirms),  whence  he 
obtains  an  equation  which,  treated  according  to  the  rules  of 
maxima  and  minima,  gives  53  kilogrammes  (117  lbs.  avoird.) 
for  the  weight  with  which  the  man  ought  to  be  loaded,  in  order 
to  produce  during  one  day,  by  ascending  stairs,  the  greatest 
useful  effect :  the  quantity  of  action  which  results  from  this 
determination  has  for  its  value  56  kilogrammes  {\9&\  lbs. 
avoird.)  raised  through  one  kilometer,  or  nearly  1094  yards. 
But  this  method  of  working  is  attended  with  a  loss  of  three- 
fourths  of  the  total  action  of  men,  and  consequently  costs  four 
times  as  much  as  work  in  which,  after  having  mounted  a  set  of 
steps  without  any  burthen,  the  man  should  suffer  himself  to 
fall  by  any  means,  so  as  to  raise  a  weight  nearly  equal  to  that 
pf  his  own  body. 

^  The  kilogramme  isa  15443*5  grs.  «=  2*20626  lbs.  avoirdupois. 
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From  an  examinatioii  of  the  work  of  men  walking  on  a  hori* 
zontal  path,  with  cm*  without  a  load,  M.  Coulomb  concludes 
that  the  greatest  quantity  of  action  takes  place  when  the  men 
walk  being  loaded :  and  is  to  that  of  men  walking  under  a 
load  of  58\ilogrammes  (1 28  lbs.  avoird.)  nearly  as  7  to  4.  The 
weight  which  a  man  ought  to  carry  in  order  to  produce  the 
greatest  us^ul  effect^  namely,  that  effect  in  which  the  quantity 
of  action  relative  to  the  carrying  his  own  weight  is  deductea 
from  the  total  effect,  is  50*4  kilogrammes,  or  111- 18  lbs.  avoir- 
dupois. 

There  is  a  particular  case  which  always  obtains  with  respect 
to  burthens  carried  in  towns,  viz.  that  in  which  the  men,  after 
having  carried  their  load,  return  unloaded  for  a  new  burthen. 
The  weight  they  should  carry  in  this  case,  to  produce  the 
greatest  effect,  is  61-25  kilogrammes  (135|  lbs.  avoird.).  The 
quantity  of  useful  action  in  this  case  compared  with  that  of  a 
man  who  walks  freely  and  without  a  load  is  nearly  as  1  to  5^ 
or,  in  other  words,  be  employs  to  pure  loss  4*  of  ^^^  power. 
By  causing  a  man  to  mount  a  set  of  steps  freely  and  without 
burthen,  his  quantity  of  action  is  at  least  double  of  what  he 
affords  in  any  other  method  of  employing  his  strengtb. 

When  men  labour  in  cultivating  the  ground,  the  whole 
quantity  afforded  by  one  during  a  day  amounts  to  100  kilo- 
grammes elevated  to  one  kilometer,  that  is,  220*6  lbs.  raised 
1094  yards.  M.  Coulomb  comparing  this  work  with  that  of 
men  employed  to  carry  burthens  up  an  ascent  of  steps,  or  at 
the  pile-engine,  finds  a  loss  of  about  -^  part  only  of  the  Quan- 
tity of  action  which  may  be  neglected  in  researches  of  this  kind* 
In  estimating  mean  results  we  should  not  determine  from 
experiments  of  short  duration,  nor  should  we  make  any  de- 
ductions from  the  exertions  of  men  of  more  than  ordinary 
strength.  The  mean  results  have  likewise  a  relation  to  climate. 
"  1  have  caused,"  says  M.  Coulomb,  "  extensive  works  to  be 
executed  by  the  troops  at  Martinico,  where  the  tb^mometer 
(of  Reaumur)  is  seldom  lower  than  20°  {7T  of  Fahrenheit). 
I  have  executed  works  of  the  same  kind  by  the  troops  in 
France:  and  I  can  affirm  that  under  the  fourteenth  degree  of 
latitude,  where  men  are  almost  always  covered  with  perspira- 
tion, they  are  not  capable  of  performing  half  the  work  they 
could  perform  in  our  climate  */'  Bulletin  de  la  Soc,  Philomatn* 
No.  16. 

*  In  tbe  precec&ig  account  of  the  efifects  of  human  exertion,  nnce  the  professed 
olject  was  to  state  the  mean  results  of  regular  and  uniform  labour,  we  have  taken 
BO  notice  either  of  feats  of  extraordinary  strength,  or  of  such  as  were  in  appearance 
such,  while  in  reality  they  were  the  effect  of  contrivance  and  skill,  and  might  luive 
be«n  performed  by  almost  any  men  who  had  sufficient  knowledge  of  the  sulgect  to 
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68.  A  porter  in  London  is  accustxmied  to  carry  a  burden  of 
^00 lbs.  at  the  rate  of  three  miles  an  hour;  and  a  couple  of 

exert  their  strength  under  similar  circumstances.  But  as  it  may  be  expectect  thai 
some  notice  should  be  taken  of  such  matters,  we  shall  throw  into  this  note  a  few 
remarks  which  have  formerly  been  made  in  reference  to  them. 

M.  de  la  Hire,  in  an  Examination  of  the  Force  of  Men^  given  in  the  Memoirs 
of  the  Academy  of  Sciences  for  1699,  says,  **  There  are  men  whose  spirits  flow  so 
abundantly  and  so  swiftly  into  their  muscles,  that  they  exert  three  or  four  times  more 
strength  than  others  do ;  and  this  seems  to  me  to  be  the  natural  reason  of  the  sur- 
prising strength  that  we  see  in  some  men  who  carry  and  raise  weights  which  two  or 
three  ordinary  men  can  hardly  sustain,  though  these  men  be  sometimes  but  of  a  mode- 
rate stature,  and  rather  appear  weak  than  strong.  There  was  a  man  in  this  country  a 
little  while  ago,  who  would  carry  a  very  large  anvil,  and  of  whom  were  reported 
several  wonderful  feats  of  strength.  But  I  saw  another  at  Venice,  who  was  but  a 
lad,  and  did  not  seem  able  to  carry  above  40  or  50  lbs.  with  all  possible  advantages  ; 
yet  this  young  fellow,  standing  upon  a  table,  raised  from  the  earth,  and  sustained  off 
the  ground,  an  ass,  by  means  of  a  broad  girt,  which,  going  under  the  creature's  belly, 
was  bung  upon  two  books  that  were  fastened  to  a  plat  of  small  cords  coming  down  in 
tresses  from  the  hair  on  each  side  of  the  lad*s  head,  which  were  in  no  great  quantity. 
And  all  this  great  force  depended  only  upon  the  musclet  of  the  shoulders  and  those 
fff  the  kflns  :  for  he  stooped  at  first  whilst  the  hooks  were  fastened  to  the  girt,  and 
tiien  raised  himself,  and  lifted  up  the  ass  from  the  ground,  bearing  with  his  hands 
upon  his  knees.  He  raised  also  in  the  same  manner  other  weights  that  seemed  heavier, 
and  used  to  say  he  did  with  more  ease,  because  the  ass  kicked  and  struggled  when  first 
lifted  from  the  ground.*' 

Dr.  Desaguliers,  in  some  annotations  upon  De  la  Hire's  paper,  says,  "  What  he 
attributes  here  to  the  muscles  of  the  loins  was  really  perfonned  by  the  extensors  of 
the  legs ;  for  the  >oung  man's  stooping  m\h  his  hands  upon  his  knees  was  not  with 
his  body  forwards  and  bis  knees  stiff,  but  his  body  upright  and  his  knees  bent,  so  as  to 
bring  the  two  cords  with  which  he  Ufted  to  be  in  the  same  plane  with  his  ancles  and 
the  beads  of  his  thigh  bones ;  by  which  means  the  line  of  direction  of  the  man  and 
the  whole  weight  came  between  the  strongest  part  of  his  two  feet,  which  are  the  sup- 
)N)rts :  then  as  he  extended  his  legs  he  raised  himself,  without  changing  the  line  of 
direction.  That  this  must  have  bam  the  maimer  I  am  pretty  well  assured  of,  by  not 
only  observing  those  that  perform  such  feats,  but  having  often  tried  it  myself.  As 
for  the  muscles  of  the  loins,  th^  are  incapable  of  that  strain,  being  above  six  times 
weaker  than  the  extensors  of  the  legs ;  at  least  I  found  them  so  in  myself. 

'^  About  the  year  1 7 1 6,  having  the  honour  of  showing  a  great  many  experiments  to 
his  late  majesty  kiqg  George  the  first,  his  miyesty  was  desirous  to  know  whether  thero 
was  any  fsllacy  in  those  feats  of  strength  that  had  been  shown  half  a  year  before,  by 
a  man,  who  seemed  by  his  make  to  be  no  stronger  than  other  men  :  upon  this  I  had 
a  fVame  of  wood  made  to  stand  in  (and  to  rest  my  bands  upon),  and  with  a  girdle  and 
chun  lifted  aa  iron  cylinder  made  use  of  to  roll  die  garden,  sustaining  it  easily  when 
once  it  was  up.  Some  noblemen  and  gentlemen  who  were  present  tried  the  experiment 
afterwards,  and  lifted  the  roller ;  some  widi  more  ease,  and  some  with  more  difficulty, 
than  I  had  done.  This  roller  weighed  1900  lbs.  as  the  glirdener  told  us.  Afterwards 
I  tried  to  lift  SOO  lbs.  with  my  hands,  (viz.  two  pails  with  1 50  lbs.  of  quicksilver  in 
each),  which  I  did  indeed  raise  from  the  ground,  but  strained  my  back  so  as  to  feel  it 
three  or  four  days :  which  shows  that,  in  the  same  person,  the  muscles  of  the  loinn 
•(which  exerted  their  force  in  this  last  experiment)  ate  more  than  six  times  weaker  than 
the  extensors  of  the  legs ;  for  I  felt  no  inconveniency  from  raising  the  iron  roller.** 

During  the  time  occupied  in  printing  the  second  volume  of  Dr.  Desaguliers'  Phi- 
losophy, a  man  of  great  natural  strength  exhibited  himself  in  London :  of  this  man 
the  doctor  gives  an  account,  from  which  the  foUown^  is  extracted : 

**•  Thomas  Topham,  bom  in  London,  and  now  about  3 1  years  of  age»  five  feet  tM 
Inches  high,  with  muscles  very  hard  and  prominent,  was  brovglkt  np  a  carpenter,  which 
trade  he  practised  till  within  these  six  or  seven  yean  that  he  has  showed  feats  of 
strength :  but  be  u.  entirely  ignorant  of  any  art  to  make  hit  strength  move  warpnttug^ 
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chairmen  continue  at  the  pace  of  four  miles  an  hour^  under  a 
load  of  SOOlbs.  But  these  exertions,  Professor  Leslie  remarks, 

Nay,  sometimes  he  does  things  which  become  more  difficult  by  his  disadvantageous 
situation ;  attempting,  and  often  doing,  what  he  hears  other  strong  men  have  done, 
without  making  use  of  the  same  advantages. 

**  About  six  years  qgo  be  pulled  against  a  horse,  sitting  upon  the  ground  with  his 
feet  against  two  stumps  driven  into  the  ground,  but  without  the  advantages  which  might 
have  been  attained  by  placing  himself  in  a  proper  situation ;  the  horse,  however,  was 
not  able  to  move  him,  and  he  thought  he  was  in  the  right  posture  for  drawing  against 
a  horse :  but  when,  in  the  same  posture,  he  attempted  to  draw  against  two  horses,  he 
was  pulled  out  of  his  place  by  being  lifted  up^^  and  had  one  of  his  knees  struck  against 
the  stumps,  which  shattered  it  so,  that,  even  to  this  day,  the  pateUa,  or  knee  pan,  is 
80  loose,  that  the  ligaments  of  it  seem  either  to  be  broken  or  quite  relaxed,  which  ha» 
taken  away  most  of  the  strength  of  that  leg." 

The  exploits  which  Dr.  Desaguliers  saw  him  perform  were  these : 

*•*  U  By  the  strength  of  his  fingers  (only  rubbed  in  coal  ashes  to  keep  them  from 
fiUpi»^g)  be  rolled  up  a  very  stroi^  and  large  pewter  dish. 

'*  2.  He  broke  seven  or  eight  short  and  strong  pieces  of  tobacco-pipe  with  the  forcQ 
pf  his  middle  finger,  having  hid  them  oa  the  first  and  .third  finger. 

^  3.  Having  thrust  \^  under  bis  garter  the  bowl  of  a  strong  tobaoco-pipe,  his  lc|ga 
|idng  ben|^  he  broke  it  to  pieces  by  the  tendons  of  his  hams,  without  altering  the 
bending  of  his  leg. 

^*  4.  He  broke  such  another  bowl  between  bis  first  and  second  finger,  by  pressmg, 
bis  fingerf  together  sideways. 

'^  5,  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred  weight  hanging  at 
the  end  of  it,  with  his  teeth,  and  held  it  in  an  horizontal  position  for  a  considerable, 
time.  It  i^  true  the  feet  of  the  table  rested  against  his  knees  ;  but,  as  the  length  of 
the  table  was  much  greater  than  its  height,  that  performance  required  a  great  strength 
to  be  exerted  by  the  muscles  of  his  loins,  those  of  his  neck,  the  masseter  and  temporal 
(muscles  of  the  jaws),  besides  a  g9od  set  of  teeth. 

**  6.  He  took  an  iron  kitchen  poker,  about  a  yard  long,  and  three  inches  in  circum- 
ference, and,  holding  it  in  his  right  hand,  he  struck  upon  his  bare  left  arm,  between  the 
cJbow  and  the  wrist,  till  he  bent  the  poker  nearly  to  a  right  angle. 

"  7.  He  took  such  another  poker,  and  holding  the  ends  of  it  in  his  hands,  and  the 
cuddle  against  the  back  of  his  neck,  he  brought  both  ends  of  it  together  before  him ; 
and,  what  was  yet  more  difficult,  he  pulled  it  almost  straight  again :  because  the 
muscles  which  separate  the  arms  horizontally  from  each  other  are  not  so  strong  as 
those  that  bring  them  together. 

"  8.  He  broke  a  rope  of  about  two  inches  in  circumference,  which  was  in  part 
wound  about  a  cylinder  of  four  inches  diameter,  having  fastened  the  other  end  of  it  to 
straps  that  went  over  his  shoulders.  But  he  exerted  more  force  to  do  this  than  any 
other  of  bis  feats,  from,  his  awkwardness  in  going  about  it ;  for  the  rope  yielded  and 
stretched  as  he  stood  upon  the  cylinder,  so  that  when  the  extensors  of  the  legs  and 
thighs  had  done  their  office  in  bringing  his  legs  and  thighs  straight^  he  was  forced  to 
raise  his  heels  from  their  bearings,  and  use  other  muscles  that  are  weaker.  But  if 
the  rope  had  been  so  fixed  that  the  part  to  be  broken  had  been  short,  it  would  have 
^n  broken  with  four  times  less  difficulty. 

«*  9.  I  have  seen  him  lift  a  rolling  stone  or  about  800  lbs.  with  his  hands  only, 
standing  in  a  frame  above  it,  and  taking  hold  of  a  chain  that  was  fastened  to  it.  By 
this,  I  reckon  he  may  be  almost  as  strong  again  as  those  who  are  generally  reckoned 
the  strongest  men,  they  generally  lifting  no  more  than  400  lbs.  in  that  manner.  The 
weakest  men  who  are  in  health,  and  not  too  fat,  lift  about  125  lbs.  having  about  half 
the  strength  of  the  strongest. 

"  N.  B.  This  sort  of  comparison  is  chiefly  in  relation  to  the  muscles  of  the  loins; 
because  in  doing  this  5ne  must  stoop  forwards  a  little.    We  must  also  add  the  weight 


stronger  m^n's  body  weighs  al^o  150  lbs.  the  whole  weight 

550  Vb§.  that  is  4cio  lbs,  and  the  150  lbs.  which  his  body  weighs.     To^ham  weighs 
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are  greatly  inferior  to  the  labour  performed  by  porters  in 
Turkey,  the  Levant,  and  generally  on  the  shores  of  the  Me- 
diterranean. At  Constantinople,  an  Albanian  porter  will  carry 
800  or  900  lbs.  on  his  back,  stooping  forward,  and  assisting  his 
steps  by  a  short  staff.  At  Marseilles  it  is  affirmed  that  four 
porters  carry  the  immense  load  of  nearly  two  tons,  by  means 
of  soft  hods  passing  over  their  heads,  and  resting  on  their 
shoulders,  with  the  ends  of  poles,  from  which  the  goods  are 
suspended. 

69.  With  regard  to  the  magnitude  of  the  comparative  efforts 
of  man  in  different  employments,  the  late  Mr.  Robertson  Bu- 

about  2O01bs.  which,  added  to  the  800  lbs.  that  he  lifts,  makei  1000  lbs.  But  he 
ought  to  lift  900  lbs.  besides  the  weight  of  his  body*  to  be  as  strong  again  as  a  man  of 
1 50  lbs.  weight  who  ean  lift  400  lbs.*' 

Again :  **  About  thirty  years  ago  one  Joyce,  a  Kentish  man,  famous  for  his  great 
strength,  showed  several  feats  in  London  and  the  countiy,  which  so  much  surprised 
the  spectators,  that  he  was  by  most  people  called  the  tecond  Sampson,  But  though 
the  postures  which  he  had  learnt  to  put  his  body  into,  and  found  out  by  practice 
without  any  mechanical  theory,  were  such  as  would  make  a  man  of  common  strength 
do  such  feats  as  would  appear  surprising  to  every  one  who  did  not  know  the  advan- 
tage of  those  positions  of  the  body ;  yet  nobody  then  attempted  to  draw  against  horses, 
or  raise  great  weights,  or  to  do  any  other  tiling  in  imitation  of  him  :  because,  as  he 
was  very  strong  in  the  arms,  and  grasped  those  that  tried  his  strength  that  way  so 
hard  that  they  were  obliged  immediately  to  desire  him  to  desist,  his  other  feats 
(whetan  his  manner  of  acting  was  chiefly  owing  to  the  mechanical  advantage  gained 
by  the  position  of  his  body)  were  entirely  attributed  to  his  extraordinary  strength. 

^  But  when  he  had  been  gone  out  of  England,  or  had  ceased  to  show  his  performances 
for  eight  or  ten  years,  me.i  of  ordinary  strength  found  out  the  way  of  making  such 
advantage  of  the  same  postures  as  Joyce  had  put  himself  into  as  to  pass  for  men  of 
more  than  common  strength,  by  drawing  against  horses,  breaking  ropes,  lifting  ntst 
weights,  &c.  (though  they  could  in  none  of  the  postures  really  perform  so  much  as 
Joyce,  yet  they  did  enough  to  amaze  and  amuse,  and  get  a  great  deal  of  money),  so 
that  every  two  or  three  years  we  had  a  new  second  Sampson. 

'*  About  fifteen  years  ago  a  German  of  middle  size,  and  but  ordinary  strength, 
showed  himself  at  the  Blue  Post*,  in  the  Haymarket,  and  by  the  contrivances  above- 
mentioned  passed  for  a  man  of  uncommon  strength,  and  got  considerable  sums  of 
i9oney  by  the  daily  concourse  of  spectators.  After  having  seen  him  once,  I  guessed 
at  his  manner  of  imposing  upon  the  multitude ;  and  being  resolved  to  be  fully  satisfied 
in  the  manner,  I  took  four  very  curious  persons  with  me  to  see  him  again,  viz.  the 
lord  marquis  of  TuUibardin,  Dr.  Alexander  Stuart,  Dr.  Pringle,  and  a  mechanical 
workman  who  used  to  assist  me  in  my  courses  of  experiments.  We  placed  ourselves 
in  such  manner  round  the  operator,  as  to  be  able  to  observe  nicely  all  that  he  did  ; 
and  found  i.t  so  practicable,  that  we  performed  several  of  his  feats  that  evening  by 
ourselves*  and  afterwards  I  did  the  most  of  the  rest,  as  I  had  a  frame  to  sit  in  to  draw, 
and  another  to  stand  in  and  lift  great  weights,  together  with  a  proper  girdle  and  hooks. 
I  likewise  showed  some  of  the  experiments  before  the  Royal  Society;  and  ever  since 
at  my  experimental  lectures  I  explain  the  reason  of  such  performances,  and  take  any 
person  of  ordinary  strength  that  has  a  mind  to  try,  who  can  easily  do  all  that  the 
German  above-mentioned  used  to  do,  without  any  danger  of  extraordinary  straining, 
by  making  use  of  my  apparatus  for  that  purpose.*' 

The  Doctor  then  proceeds  to  explain  the  principles  on  which  these  achievements 
depended,  ai^d  illustrates  his  positions  by  various  diagrams.  He  likewise  describes 
some  contrivances  to  determine  the  strength  which  men  exert  in  different  ways;  for 
an  account  of  the  chief  of  which,  the  reiuler  may  turn  to  the  article  Stxslyarj>,  to 
ascertain  the  Strength  of  }len^  in  a  subsequent  pirt  of  this  volume. 
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chanan  ascertained,  that  in  working  a  pump,  in  turning  a 
winch,  in  ringing  a  bell,  and  rowing  a  boat,  the  dynamic  re* 
suits  are  as  the  numbers  100,  167,  ^27,  and  @48. 

According  to  the  interesting  experiments  described  in  M. 
Hachette's  Traite  des  Machines^  the  dynamic  unit  being  the 
neigld  of  a  cubic  metre  of  water  raised  to  the  height  of  one 
metre  [that  is,  S208  lbs.  avoird.  or  4  hogsheads  raised  to  the 
height  of  3-281  feet,  or  1*3124  hogsheads  to  the  height  of  10 
feet],  we  have  the  following  measures,  at  a  medium,  of  the 
daily  actions  of  men. 

'P3niaiDic  units.   , 

1.  A  man  marching  7^  hours  on  a  slope  of  7 
degrees,  with  a  load  of  from  15  to  18  lbs.  .  225 

2.  Marching  in  a  mountmnous  country  with- 
out load  .....         140 

8.  Carrier  of  wood  up  a  ladder,  his  weight 
123,  his  load  117  lbs.  ...  109 

4.  Carrier  of  peat  up  steps,  his  own  weight 
comprised 112  to  120 

5.  Man  working  at  the  cord  of  a  pulley  to 

raise  the  ram  of  a  pile  engine:  three  examples  .     75  40  48 

6.  A  man  drawing  water  from  a  well  by  means 

of  a  cord  .....  71 

7.  Man  working  at  a  capstan  .  •         116 

8.  Man  working  at  a  capstan  to  raise  water, 

mean  of  24  .  .  .  .         H^ 

The  unit  of  transport,  being  ihe  weight  of  a  cubic  metre  of 
water,  carried  a  metre  (2208  lbs.  8-281  feet)  upon  a  horizontal 
road,  we  have  for  the  daily  action 

Dynamic  units. 

1.  A  man  travelling  without  load  on  a  flat 

road,  his  weight  154  lbs.  his  journey  Sli  miles  3500 

2.  A  soldier,  carrying  from  44  to  55  lbs.  tra- 
velling 121  miles  ....  1800  to  1900 

8.  Do.  a  forced  marcih  of  25  miles        .         .        2800 

4.  A  French  coal-porter,  weight  of  the  man 

not  included  .  .  .  .    792  to  880 

5.  Porter  with  wheel-barrows,  weight  of  the 

man  not  included            ....  1015 

6.  Porter  with  a  sledge           .            .           •  627 

7.  A  man    drawing   a   boat    on    a    canal; 
110310  lbs.  conveyed  6j.  miles              .             .  550000 

70.  Among  quadrupeds  the  most  useful  as  a  first  mover  bf 
machinery  is  the  Jiorse.    The  strength  of  this  animal  is  pro- 
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bably  about  six  times  that  of  a  man.  Desagiiliers  states  the 
proportion  as  5  to  I ;  coinciding  with  the  deductions  of  Smear* 
ton  before  mentioned.  The  French  authors  commonly  reckon 
7  meii  for  1  horse.  As  a  mean  between  these,  we  took,  in  art, 
878.  vol.  I.  the  proportion  of  6  to  1,  and  stated  the  strength 
of  a  horse  as  equivalent  to  4^  lb$.  at  a  dead  pull.  But  the 
proportion  is  by  no  means  constant,  for  it  vanes  greatly  ac- 
cording to  the  different  kinds  of  work.  Thus  the  worst  way 
of  applying  the  strength  of  a  horse  is  to  make  him  carry  a 
weignt  up  a  steep  hill ;  while  the  organization  of  a  man  fits 
him  very  well  for  this  kind  of  labour  :  hence,  three  men  climb- 
ing up  such  a  hill  with  a  weight  of  100  lbs.  each,  will  proceed 
faster  than  a  horse  with  a  load  of  300  lbs.  This,  we  believe, 
was  first  observed  by  M.  de  la  Hire. 

M.  Schulze^  in  a  paper  inserted  in  the  Memoirs  of  the  Berlin 
Academy  for  1783  *,  has  described  a  series  of  experiments  in- 
stituted for  the  purpose  of  determining  whether  in  estimating 


animal  power,  the  formula  f  rzf  (1 ^)^=?( — )*  [art.  377. 

vol. I.]  orF=^  (1  —  —)  should  be  used;  and  proves  clearly 

that  the  former  deserves  the  preference.  He  assigns  the  mean 
value  of  human  strength  as  equivalent  to  9Q  or  30  pounds^ 
with  a  velocity  of  9»\^  feet  per  second.  But  he  estimates  the 
entire  effect  of  a  horse  exerting  himself  horizontally,  asjburteen 
times  that  of  a  man.     This,  we  apprehend,  is  far  too  high. 

We  are  not  acquainted  with  any  series  of  experiments  which 
have  been  made  with  a  view  of  determining  the  weights  horses 
can  carry  when  moving  up  sloping  roads,  making  given  angles 
with  the  horizon :  but,  fortunately,  this  deficiency  is  not  of 
much  consequence,  because  the  carrying  of  weights  is  far  from 
the  best  manner  of  employing  the  strength  of  a  horse.  It  is 
known,  however,  that,  in  general,  a  horse  loaded  with  a  man 
and  his  equipage,  weighing  altogether  about  3  cwt.  may,  without 
being  forced,  travel,  in  7  or  8  hours,  the  distance  of  43000 
yarc^  or  nearly  25  miles,  upon  a  good  road.  When  a  horse 
travels  day  after  day  without  cessation,  either  the  weight  he 
carries  or  the  distance  passed  over  must  undergo  some  diminu- 
tion, as  well  as  the  time  actuallv  employed  in  travelling. 

71.  In  the  Memoirs  of  the  ]Prench  Academy  for  1703  are 
inserted  the  comparative  observations  of  M.  Amontons,  on  the 
velocity  of  men  and  of  horses ;  in  which  he  states  the  velocity 
of  a  horse  loaded  with  a  man  and  walking  to  be  rather  more 
than  5^  feet  per  second,  or  3^  miles  per  hour,  and  when  going 

*  Publithed  in  tbe  PbU.  Mag.  vol  xuix.  No.  168. 


ANIMAt  8TRBNGTH — ^HOESES.  -  75 

a  moderate  trot  with  the  same  weight  to  be  about  8^  feet  per 
second,  or  about  6  miles  per  hour.  These  velocities,  however, 
are  somewhat  less  than  what  might  have  been  taken  for  the  mean 
velocities. 

72.  But  the  best  way  of  applying  the  strength  of  horses  is  to 
make  them  draw  weights  in  carriages,  &c.  To  this  kind  of 
labour,  therefore,  the  inquiries  of  experimentalists  should  be 
directed.  A  horse  put  into  harness  and  making  an  effort  to 
draw  bends  himself  forward,  inclines  his  legs,  and  brings  his 
breast  nearer  to  the  earth ;  and  this  so  much  the  more  as  the 
effort  is  the  more  considerable.  So  that  when  a  horse  is  eatr 
ployed  in  drawing,  his  effort  will  depend,  in  some  measure, 
tx>th  upon  his  own  weight  and  that  which  he  carries  oo  his 
back. 

Indeed  it  is  highly  useful  to  load  the  back  of  a  drawing  horae 
to  a  certain  extent ;  though  this,  on  a  slight  consideration,  might 
be  thought  to  augment  unnecessarily  the  fati&ue  of  the  animal : 
but  it  must  be  considered  that  the  mass  with  which  the  horse 
is  charged  vertically  is  added  in  part  to  the  effort  which  he 
makes  m  the  direction  of  traction,  and  thus  dispenses  with  the 
necessity  of  his  inclining  so  much  forward  as  he  must  otherwise 
do ;  and  may,  therefore,  under  this  point  of  view,  relieve  the 
draught  more  than  to  compensate  for  the  additional  fatigue  oc- 
casioned by  the  vertical  pressure.  Carmen,  and  waggoners  in 
general,  are  well  aware  of  this,  and  are  commonly  very  careful 
to  dispose  of  the  load  in  such  a  manner  that  the  shails  shall 
throw  a  due  proportion  of  the  weight  on  the  back  of  the  shaft 
horse. 

73.  The  best  disposition  of  the  traces  during  the  time  a  horse 
is  drawing  is  to  be  perpendicular  to  the  position  of  the  collar 
upon  his  breast  ana  shoulders:  when  the  horse  stands  at  ease, 
this  position  of  the  traces  is  rather  inclined  upwards  from  the 
direction  of  the  road ;  but  when  he  leans  forward  to  draw  the 
load,  the  traces  should  then  become  nearly  parallel  to  the  plane 
over  which  the  carriage  is  to  be  drawn ;  or,  if  he  be  employed 
in  drawing  a  sledge,  or  any  thing  without  wheels,  the  inclma- 
tion  of  the  the  traces  to  the  road,  supposing  it  to  be  horizontal, 
should  (from  what  we  observed  when  treating  of  friction)  be 
about  18i*. 

74.  From  the  preceding  observations  it  will  be  easy  in  most 
cases  to  adapt  the  size  of  the  wheels  to  that  of  the  animal  which 
is  to  draw  in  the  shafts,  so  that  when  he  leans  forward  to  his 
work  the  traces  may  be  nearly  parallel  to  the  road,  whether 
that  road  be  horizontal  or  not :  always  recollecting  that,  if  there 
be  any  variation  from  the  parallel  position,  it  must  be  rather  in- 
clining upwards  than  downwards;  as  the  former  will  somewhat 
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diminish  the  friction,  while  the  latter^  instead  o(  rairang  the 
wheels  irom  any  hollow  into  which  they  may  fall,  will  tend  to 
draw  them  down  lower,  and  much  increase  the  labour  of  the 
animal. 

75.  When  several  horses  are  harnessed  one  before  another,  so 
that  they  may  all  draw  at  the  same  load,  and  the  slope  on  which 
they  are  drawing  changes,  as  from  da  to  ab  (fig.  6.  pi.  I.),  the 
effort  of  the  horse  which  draws  along  the  road  ab  is  decomposed 
into  two  parts,  of  which  one  tends  to  pull  up  the  load,  the  other 
to  pull  down  the  horse  which  is  in  the  shafts  and  is  drawing 
along  the  slope  da.  This  latter  composant  is  always  greater  as 
the  traces  of  the  foremost  horse  are  tne  longer ;  and  it  may  be 
worth  while  to  find  its  values,  and  its  augmentation  with  regard 
to  an  increase  in  the  length  of  the  traces.  To  this  end  let  ea' 
be  the  height  above  ad  of  the  breast  of  the  horse  which  draws 
in  the  shafts  near  the  point  a,  and  let  er  and  er'  be  two 
different  lengths  of  the  traces;  the  breast  of  the  horse  when 
harnessed  to  either  of  these  traces  being  at  the  same  distance 
from  the  plane  ab',  that  is,  BRriBVnEA'.  Take  ef^tef'  to 
represent  the  effort  of  the  horse  in  the  direction  of  the  trace ; 
draw  £0^  parallel  to  da,  eq  perpendicular  to  ba  produced,  Bg 
parallel  to  ab,  and  vq^  f'^,  perpendicular  to  i^q.  The  effort 
which  tends  to  pull  the  horse  down  whose  breast  is  at  e  is 
represented  by  Fg,  when  the  breast  of  the  other  horse  is  at  R, 
and  by  f^  when  it  is  at  r'  ;  and  qE,  ^'e  are  the  corresponding 
efforts  tending  to  raise  the  load  along  the  slope  da.  Make 
ea'  =  rb  =:  r'b'  1=  a,  er  =  X,  er'  =  X',  angle  a'eq,  =  jEgr:  sup- 
plem.  DAB=^,  and  EFziEP'r:^.  Then,  when  the  trace  ER  is 
used,  the  effort  which  tends  to  pull  down  the  shaft  horse  when 
he  just  reaches  the  summit  of  the  slope  will  be  =^*sin^EF=^ 
sin  (?Eg— FEg),  and  the  effort  tending  to  raise  the  load  will  be 
ir^cos  (qEg—¥Eg).  In  like  manner,  when  the  foremost  horse 
draws  by  the  trace  er',  the  effort  tending  to  pull  down  the 
shaft  horse  will  be  represented  by  (f  sin  (jEgf'— F'Bg'),  and  that 
which  tends  to  draw  up  the  carriage  by  (p  cos  (?eJ^— F'eg^). 

Now  we  have  sin  f'e£^  =:  — ,  and  sin  fe^s*  —  —  =  -^.     But 

Hff  =  BR  —  EQ  =  a  —  a  COS  s  r:  a  (1  —  cos  s).  Recollecting, 
therefore,  that  the  angles  FEg-,  f'e^,  are  always  so  small  that 
the  arcs  differ  very  little  from  the  sines,  we  have  FEg  = 

^ ,  and  F'Egf'  = 2!!LL. ;  these  values  being  substi- 
tuted in  the  preceding  expressions,  give 

/I  V  ^       •        r  o(l— COS*). 

(1)  . . .  Fg  r:  ^  sin  (s ^ -O- 
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(2)  ...F'j'  =  ^8in(*-tiiZ^V 

A 

/-iv  f  __  ^  /         a(l— co8*)v 

(4)  . . .  ly  rs  ^  COS  (s ^^ — ; — -). 

Suppose,  for  example,  that  ab  is  horizontal,  and  that  the 
ascent  da  is  such  that  for  every  6  feet,  as  CN  in  a  horizontal 
plane,  the  vertical  rise  na  shall  be  one  foot :  this  slope  is  too 
steep  for  amr  common  road,  but  may  be  sometimes  met  with 
in  ascents  from  stone  quarries,  &c.  In  this  case  the  angle  s 
will  be  nearly  9**  28',  which,  expressed  in  decimal  parts  of  the 
radius,  gives  *=016522,  and  cos  ^=0.98638.  Let  the  effort 
f =200Tbs.,  a=zSi  feet,  ^=8  feet,  and  x'zzlS  feet.  Then  shall 
we  have, 

(1)  ...Fq=200  sin  (0.16522 «?:^?2f22)) 

=200  sin  9'  7'  29"=31-7161bs. 

(2)  ... F'j'=200 sin  (0.16522 -^:i^":g^?^^) 

=200  sin  9°  14'  29"=32.5  lbs, 

(3)  ...  Eg=:200 cos  9^  7 29^=177.27 lbs. 

(4)  ...Ey'=200cos9*'14'29"=197.4041bs. 

Hence  it  appears,  that  the  horse  whose  breast  is  at  e  is  pulled 
downwards  by  the  other  horse,  with  a  force  equivalent  to  about 
32  lbs. :  this  weight  is  small  for  a  horse  that  is  not  fatigued ;  but 
we  should  consider,  that  when  drawing  up  a  steep  road  the 
animates  strength  is  i;nuch  weakened,  so  that  it  may  be  obliged 
to  yield  to  a  very  small  effort.  A  lengthening  of  four  feet 
to  a  trace  of  eignt  feet  will  produce  an  augmentation  of 
32.25 -31.716=0.534  lbs.  in  the  effort  which  tends  to  pull 
the  shaft  horse  down,  and  a  diminution  of  197-47  — 197' 404= 
0*066  lbs.  in  the  effort  which  raises  the  load  up  the  hill.  These 
quantities  are  not  considerable ;  but  it  appeared  desirable  to 
expliun  the  method  of  ascertaining  their  magnitude.  And  it 
may  be  added,  that  when  a  horse  pulls  for  only  a  short  time, 
as  a  few  minutes,  he  will  often  exert  a  force  equivalent  to  500 
or  600  lbs.  :  in  which  case,  the  tendency  to  pull  down  a  shaft 
horse  rising  a  hill  would  be  thrice  as  much  as  we  have  stated 
it  above :  a  force  against  which  no  horse  could  stand  in  such  a 
disadvantageous  position. 

76.  When  a  horse  is  made  to  move  in  a  circular  path,  as  is 
often  practised  in  mills  and  other  machines  moved  by  horses,  it 
will  be  necessary  to  give  the  circle  which  the  animal  has  to 
walk  round  the  greatest  diameter  that  will  comport  with  the 
local  and  other  conditions  to  which  the  motion  must  be  sub« 
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jected.  It  is  obyious,  indeed,  that,  since  a  rectilinear  motion 
IS  the  most  easy  for  the  horse,  the  less  the  line  in  which  he 
moves  is  curved,  with  the  greater  facility  he  will  walk  over  it, 
and  the  less  he  need  recline  from  a  vertical  position :  and  be- 
sides this,  with  Aqual  velocity  the  centnfagal  force  will  be  less 
in  the  greatest  circle,  which  will  proportionally  diminish  the 
friction  of  the  cylindrical  part  of  the  trunnions,  and  the  labour 
of  moving  the  machine.  And,  further,  the  greater  the  diame- 
ter of  the  horse- walk^  the  nearer  the  chord  of  the  circle  in 
which  the  horse  draws  is  to  coincidence  with  the  tangent,  which 
'  is  the  most  advantageous  position  of  the  line  of  traction.  On 
these  accounts  it  is  that,  although  a  horse  inay  draw  in  a  cir- 
cular walk  of  18  feet  diameter,  yet  in  general  it  is  advisable 
that  the  diameter  of  such  a  walk  should  not  be  less  than  25  or 
30  feet ;  and  in  many  instances  40  feet  would  be  preferable  to 
either. 

77*  It  has  been  stated  by  Desaguliers  and  some  others,  that 
a  horse  employed  daily  in  drawing  nearly  horizontally  can 
move,  during  eight  hours  in  the  day,  about  200  lbs.  at  the  rate 
of  %\  miles  per  hour,  or  %\  feet  per  second.  If  the  weight  be 
augmented  to  about  240  or  250  lbs.,  the  horse  cannot  work 
more  than  six  hours  a  day,  and  that  with  a  less  velocity.  And, 
in  both  cases,  if  he  carry  some  weight,  he  will  draw  better  than 
if  he  carried  none  (art.  72).  M.  Sauveur  estimates  the  mean 
effort  of  a  horse  at  175  French,  or  189  avoird.  pounds,  with  a 
velocity  of  rather  more  than  three  feet  per  second :  and  this 
agrees  very  nearly  with  our  deduction  in  ai't.  378.  vol.  I.  But 
all  these  «-e  protiiably  too  high  to  be  continued  for  eight  hours, 
day  after  day ;  for  in  our  invest^tion  just  referred  to  we  as- 
sumed 10  feet  per  second,  as  the  utmost  walking  velocity  of  a 
horse ;  a  velocity  which  we  conceive  no  horse  would  be  able  to 
continue  long.  In  another  place  Desaguliers  states  the  mean 
work  of  a  horse  as  equivalent  to  the  raising  a  hogshead  full  of 
water  (or  550  lbs.)  50  feet  high  in  a  minute.  But  Mr.  Smea- 
ton,  to  whose  authority  much  is  due,  asserts,  from  a  number 
^f  experiments,  that  the  greatest  effect  is  the  raising  550  lbs. 
forty  feet  high  in  «  minute.  And,  from  some  experiments 
made  by  the  Society  for  the  Encouragement  of  Arts,  under  the 
direction  of  Mr.  Samuel  Moore,  it  was  concluded,  that  a  horse 
moving  at  the  rate  of  three  ^miles  an  hour  can  exert  a  force  of 
80  lbs.  Unluckily,  we  are  not  sufficiently  acquainted  with  the 
nature  of  the  experiments  and  observations  from  which  these 
deductions  were  made,  to  institute  an  aconrate  comparison  of 
their  results.  Neither  of  them  ought  to  express  what  a  horse 
can  4raw  upem  a<:arriage ;  because  in  diat  case  friction  only  is 
to-be  everceme  (ofiker  the4oad  is  once  put  into  motion) ;  so  that  a 
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middling  horse,  well  applied  to  a  cart^  will  often  draw  much 
more  than  1000  lbs.  The  proper  estimate  would  be  that  which 
measures  the  weight  that  a  horse  would  draw  up  out  of  a  well; 
the  animal  aol^ng  by  a  horizontal  line  of  traction  turned  into 
the  vertical  direction  by  a  simple  pulley,  or  roller,  whose  fric- 
tion should  be  reduced  as  much  as  possible.  It  would,  indeed, 
be  far  the  best,  in  all  the  instances  of  experiments,  to  use  no 
such  combinations  of  machinery  as  would  make  the  velocity  of 
the  load  or  weight  different  from  that  of  the  animal :  we  could 
then  readily  compare  the  different  results  by  means  of  the  ex- 

9 

pression  m  a  (w--v)2,  or  m  a  (w— v)"^(art.  378.  vol.  I.), 
where  v  represents  the  velocity  in  feet  per  second  with  which 
the  animal  moves  the  mass  m,  and  w  his  greatest  walking 
velocity,  or  that  in  which  he  can  move  no  weight  but  his  own. 
Thus  might  we  obtain  a  mean  estimate  of  the  animal's  strength 
at  any  one  velocity,  and  could  thence  infer  his  maximum  of 
useful  effort ;  namely,  that  when  v  is  nearly  ^w.  As  to  the 
absolute  power  of  the  animal,  it  might  be  inferred  in  any  case 
of  raising  a  weight  with  his  own  velocity,  by  means  of  the 
formula  <p=  (m+h)v  +  ugt,  where  m  and  v  are  as  before,  h  the 
weight  of  the  horse,  <p  its  power,  g:zS^  feet  the  measure  of 
the  force  of  gravity,  and  t  the  time  in  seconds  during  which  the 
animal  continues  his  uniform  exertion. 

7&  It  follows,  from  what  has  been  said,  and  from  the  oon- 
nderation  of  the  strengths  of  horses  variously  employed,  such 
as  waggon  horses,  dray  horses,  plough  horses,  heavy  horses, 
light  coach  horses,  &c.  that  what  is  called  ^' Jtxnse  power"*  is  of 
so  fluctuating  and  indefinite  a  nature,  that  it  is  perfectly  ridi- 
culous to  assume  it  as  a  common  measure,  by  which  the  force 
of  steam-engines  and  other  machines  should  be  appreciated. 
In  most  of  the  deductions  which  have  been  hitherto  made,  we 
apprehend  there  may  be  something  of  temporary  effort :  imd 
we  think,  on  the  whole,  that  about  70  lbs.  at  three  miles  an 
hour,  or  4|-  feet  per  second,  may  be  a  fair  estimate  for  the  re- 
gular work  of  stout  London  cart  horses;  though  we  would 
infer,  with  Mr*  Nicholson,  ^^  that  the  animal  can  double  his 
strength  for  a  short  time,  such  as  ten  minutes,  without  receiving 
any  injury  from  the  exertion.'' 
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ALPHABETICALLY  ARRANGED. 


Air-pump  is  a  machine  by  means  of  which  the  air  may  be  ex- 
hausted out  of  proper  vessels,  so  as  to  make  what  is  popularly 
called  a  vacuum,  but  which  is,  in  fact,  only  a  very  high  degree 
of  rarefaction. 

The  invention  of  this  noble  instrument,  to  which  the  present 
age  is  indebted  for  so  many  admirable  discoveries,  is  ascribed 
to  Otto  de  Guericke,  a  consul  of  Magdeburg,  who  exhibited 
his  first  public  experiments  with  his  pump  before  the  emperor 
and  the  states  of  Germany  at  the  breaking  up  of  the  imperial 
diet  at  Ratisbon,  in  the  year  1654.  Guericke,  indifferent  about 
the  solitary  possession  of  an  invention  which  afforded  such  en- 
tertainment to  the  numerous  persons  who,  from  time  to  time, 
witnessed  his  experiments,  gave  a  minute  description  of  all  his 
pneumatic  apparatus  to  Gasper  Schottus,  professor  of  mathe- 
matics at  Wirtemberg,  who  published  it,  with  the  consent  of 
the  inventor^  with  an  account  of  some  of  its  performances,  first 
in  1657,  in  his  Mechcmica  Hydraultco^pneumatica ;  and  then, 
in  1664,  in  his  Technica  Curiosa.  Guericke's  own  account  was 
not  published  till  1672. 

About  the  time  of  Guericke's  invention  the  foundations  of 
the  Royal  Society  of  London  were  laid.  Boyle,  Wren,  Brounker, 
Wallis,  and  other  learned  men,  held  frequent  meetings  at  Ox- 
ford, in  which  accounts  were  received  and  related  of  all  im- 
portant advances  in  the  study  of  nature ;  and  many  experiments 
were  exhibited.  The  researches  of  Galileo,  Torricelli,  and 
Pascal,  concerning  the  pressure  of  the  air,  had  greatly  engaged 
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their  attention,  and  thus  prepared  them  for  the  invention  of 
Guericke.  Mr.  Boyle,  in  particular,  as  soon  as  he  heard  what 
had  been  accomi)Iisbed  by  the  philosopher  of  Magdeburg,  and 
before  any  description  ot  his  machine  had  been  published,  set 
about  the  construction  of  one  to  answer  the  same  purposes ; 
and  succeeded  in  the  attempt :  though  he  frankly  acknowledges 
that  it  was  but  seldom,  and  with  great  difGculty,.that  he  could 

{>roduce  an  extreme  degree  of  rarefaction ;  such  as  it  appeared, 
rom  the    account  of  Schottus,  was  obtained  by  means  of 
Guericke^s  machine. 

Boyle's  instrument  was  somewhat  improved  by  Hawksbee, 
and  fnrtJber  by  Martin ;  with  some  slight  modifications  to  par- 
ticular views.  It  still  retains  the  most  approved  form.  The  air- 
pump  we  described  in  art.  6^1.  vol.  I.  is  only  so  far  varied  from 
Hawksbee's  improvement  of  Boyle's  original  contrivance,  as  to 
render  it  more  portable.  The  machine,  in  its  primitive  state, 
is  described  in  the  article  PneumcMcSy  English  Encydopcedia; 
where,  also,  the  successive  improvements  of  Smeaton,  Cuth- 
bertson,  &c.  are  described  at  large.    See  also  the  Panto- 

L06IA. 

Many  other  ingenious  attempts  have  been  made,  during  the 
last  ten  or  twelve  years,  to  improve  the  mechanism  of  the  air- 
pump  ;  to  describe  a  fourth  part  of  which  would  extend  this 
article  to  more  than  its  due  length.  Justice,  however,  to  the 
authors  of  these  improvements,  as  well  as  a  desire  to  gratify 
the  reader,  induces  us  to  refer  to  Nicholson's  Journal,  vols.  1. 
and  II.  4to«  for  descriptions  of  the  air-pumps  invented  by  Miessrs. 
Prince,  Sadler,  Little,  Sir  G.  Mackenzie,  &c.  and  to  Mr.  Vinoe's 
Hydrostatics  for  an  account  of  the  pump  used  by  that  gentle* 
man  in  his  lectures. 

Notwithstanding  the  many  improvements  which  have  suc^ 
cessively  followed  each  other  in  the  construction  of  the  air- 
pump,  it  was  still,  however,  desirable  that  it  should  be  further 
simplified  in  its  mechanism,  while  it  possessed  the  same  ad- 
vantages as  attended  those  of  more  complicated  structure. 
Cutlihertson,  Haas,  and  some  others,  have  so  contrived  thar 
instruments,  that  their  mechanical  power,  and  not  the  pressure 
of  air,  should  open  the  valves  :  but,  although  the  air-pumps  in- 
vented by  these  gentlemen  are  exceedingly  ingenious,  they  are 
in  some  respects  so  complex,  that  it  must  be  very  difficult  for 
many  persons  who  possess  these  instruments  to  aean  them,  or 
to  keep  them  in  proper  order  for  experiments.  '^ 

Mr..N.  Menoelsohn,  a  mathematical  instrument-maker,  of 
Surrey-street,  Black-fnars,  having  reflected  upon  the.  dif- 
ficulties just  alluded  to,  was  led  to  the  construction  of  a  more 
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nniple  air-pump,  whkh  ifl  capable  of  being  put  together  in  less 
than  half  an  hour,  whenever  it  is  cleaned,  and  requires  that 
operation  very  seldom.  He  has  rejected  the  tube  which,  in  com- 
mon air-pumps,  leads  from  the  valves  to  the  receiver,  together 
with  the  cock  that  serves  to  shut  this  pipe :  the  receiver  is  placed 
immediately  upon  the  valves,  these  oeing  put  on  the  top  of 
the  cylinders,  which  consequently  required  the  rackwork  and 
pinion  being  underneath,  and  inverted  the  whde  instrument. 
See  the  drawing,  pL  IV.  where  ab  and  cd  represent  the  two 
cylinders  of  glass  ground  and  polished  inside,  e  and  f  are  the 
two  valves  that  allow  the  cylinders  to  communicate  with  the  re- 
ceiver o  through  two  very  short  canals  ab  and  cd  (fig.  2.  pL  IV*) 
and  the  cock  g.  Two  other  valves  that  open  into  the  at- 
mosphere are  within  the  covers  i  and  A,  as  may  be  seen  in  ^g* 
1,  where  e  represents  one  of  them,  mn  is  the  receiver-plate  of 
glass  ground  flat ;  Pd  a  barometer^uge,  upon  the  plan  of  the 
&st  Torricellian  tube^  as  the  eanest  to  construct  and  the  most 
infallible  in  its  effects.  It  will  be  found  to  be  here  quite  out  of 
the  way,  secure  from  being  broken  by  accident,  and  the  most  in 
sight.  UK  and  il  are  two  brass  pillars  that  support  the  whole. 
Rsvw  the  usual  rackwork,  having  a  double  winch  Im,  which, 
upon  trial,  will  be  found  preferable  to  a  single  one. 

It  will  now  be  necessary  to  show  how  this  pump  acts,  in 
which  it  will  be  sufficient  to  explain  the  action  of  one  cylinder, 
because  the  other  is  in  all  parts  like  it.  e  is  a  conical  metallic 
valve,  from  which  a  canal  goes  through  the  cock  o  up  to  the 
receiver,  as  is  seen  in  fig.  1  and  2,  where  all  the  parts  are 
marked  with  the  same  letters,  et  is  a  steel  rod  goin^  through 
a  leather  box  in  the  piston  u.  The  top  of  this  rod  is  fixed  to 
the  valve  e,  and  its  bottom  part  slides  in  a  small  hole  with  an 
allowance  of  0'  1  inch  up  and  downward;  consequently  the  valve 
s  can  move  no  further.  When  the  piston  descends,  it  first 
mens  the  valve  by  pushing  the  rod  to  the  bottom  of  the  hole. 
Then  it  slides  down  along  the  rod  et,  and  the  air  from  the 
receiver  has  now  free  access  to  the  cylinder.  When  the  piston 
returns  it  lifts  the  rod  et,  and  thus  shuts  up  the  valve.  Then 
the  piston  slides  again  along  the  rod  up  to  the  top  of  the 
cylinder,  condensing  the  air  above  it,  which  air,  by  the  least  con- 
dbnsation,  opens  a  valve  e^  fig.  @,  and  escapes  freely  into  the 
atmosphere.  This  last  valve  has  neither  spring  nor  additional 
weight  to  shut  it,  but  shuts  by  its  own  weight  ^ibout  a  quarter 
of  an  ounce]f^*as  soon  as  the  piston  is  arrived  at  the  top  of  the 
cylinder. 

The  cylinders  are  made  of  glass,,  aruf  thejMtons  qftin^  sowdl 
JUt0d  as  to  be  air4ighty  without  the  inierpontion  qfuny  leaiher$. 
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The  fricticm  of  these  two  bodies  is  smdl  beyond  ^cpeetntioii, 
a  sufficient  proof  tbat  they  will  be  durable.  They  possess  the 
fimher  advantage  of  beiiig  capable  of  standing  ror  even  six 
months,  after  whicb  time  lltey  will  serve  without  bein^  clemied 
or  repaired,  because  they  are  not  liable  to  be  corroded  by  the 
oil  which  they  contain,  an  inconvenienoe  too  general  in  brass 
cylinders.  After  all,  if  the  present  pump  should  want  cleaning, 
it  is  an  ea^  operation  to  take  off  the  top  piec^  ffk^  by  unstrew* 
ing  the  nuts  h  and  i,  when  this  piece,  with  sJl  idie  apparataa 
upon  it,  will  come  off.  Then  each  cylinder  may  very  easily  be 
slid  off  from  the  piston,  wiped  out  and  replaced,  after  having 
^ased  it  inside  with  a  little  of  the  cleanest  sweet  oil :  the  top 
18  then  to  be  put  again  in  its  place,  and  the  two  nuts  h  and  t 
bring  screwed  upon  it,  the  instrument  is  ready.  Neither  raclu' 
nor  innion  need  to  be  taken  out  of  their  places,  the  cylindiNV 
standing  above  them. 

The  cock  is  constructed  90,  that,  being  in  the  situation  re- 
presented in  fig.  1,  the  communication  is  open  between  the 
cylinders,  the  receiver,  and  the  barometer-gauge,  and,  by  a 
quarter  of  a  revolution,  the  cylinders  are  excluded,  the  receiver 
and  gauge  bring  still  left  in  communication.  A  little  istopper 
iA  %.  S,  ground  into  the  cock,  being  open,  air  is  admkt^  to 
the  vecriver,  if  required. 

The  reeeiver^plate  is  of  glass  ground  flat,  as  was  mentioned 
be&re :  this  will  be  found  preferable  to  krass,  because  cleaner, 
and  nev^  corroded  by  acids  or  water;  it  will  beades  oftM 
provevery  convenient  in  making  electiical  expeiimiants  in  the 
vacuum. 

The  whole  instrument  is  fixed  upon  a  mahogany  table,  whicU 

serves  as  a  stand  for  it. 

Mr.  Mendelarfin  concludes  bis  description  by  observing  that 
"  nrither  the  employing  of  glass  cylinoers  nor  the  method  of 
opening  the  valves  is  new ;  but,  for  aught  he  knows,  this  is  the 
first  instrument  of  the  kind  ever  executed:  and  the  idea  of 
putting  the  valves  at  top,  and  thus  rimplifyin^  the  instrument, 
seems  to  have  escaped  the  attention  of  tne  eminent  artists,  both 
here  and  abroad,  as,  to  my  best  knowledge,  it  has  never  been 
done  cr  described  any  where.  The  metallic  pistons,  without 
leathering,  must  certainly  add  to  the  durability,  and  diminish 
the  ^eat  labour  that  usually  att^ds  working  an  air-pump. 
{}iicholmi$  Journal^  New  Series,  No.  39.) 

Mr.  Vream,  who  was  Dr.  Desaguliers's  operator  for  phi- 
losophical machines,  made  such  an  alteration  in  Hawksbee's  air- 
pUmp,  us  produced  the  alternate  redprocatmg  motion  of  the 
]^fitoos,wi&oattQrmng  the  handle  to  and  fro:  while  the  handle 
turns  constantly  one  way  in  its  operation,  a  crank,  by  means  of 
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two  leading  pieces,  gives  the  wheel  that  moves  the  racks  a 
motion  of  about  two-thirds  (or  more  when  required)  of  its 
drcumfereDGe,  every  time  the  crank  goes  round.  The  ad- 
vantages which  Mr.  Vream  thought  would  result  from  this 
alteration,  he  describes  in  the  following  words :  <^  I  hope  I  have 
improved  Mr.  Hawksbee'^s  pump  by  a  contrivance  whereby  in 
turning  the  winch  quite  round  the  emboli^  or  pistons,  are  al« 
tematdy  raised  and  depressed:  whereas  in  Mr.  Hawksbee*s 
way,  the  moving  of  the  hand  backward  and  forward  is  not  only 
more  troublesome,  but  shakes  the  pump ;  because  it  is  required 
to  press  the  barrel  hard  against  the  bottom  piece  under  the 
barrels,  to  discharge  the  air  from  the  valves  at  every  stroke. 
Besides  if  the  pump  should  at  any  time  happen  to  leak,  when 
an  experiment  should  be  made  in  haste;  you  may  exhaust  so 
fiut  this  way  as  to  make  your  experiment  without  bein^  at  the 
trouble  to  pull  the  pump  to  pieces,  in  order  to  make  it  tight, 
except  in  such  cases  as  require  the  recipient  to  be  perfectly  ex- 
hausted.*^' 

Fig.  11.  pL  III.  will  show  in  what  this  improvement  of  Mr. 
Vream's  consists.  The  axis  db  on  which  tne  crank  Aab  and 
handle  bf  turn,  is  perpendicular  to  the  plane  of  the  wheel  wb 
which  moves  the  racks  s,  t  :  two  leaders  n,  k,  of  equal  length, 
are  hung  by  one  end  upon  the  crank  a^,  and  by  the  other 
upon  the  two  ends  of  a  pin  i  which  passes  through  the  wheel  at 
a  suitable  distance  from  the  centre.  While  the  crank  is  rising 
the  ]Mn  T  is  raised  from  its  position  in  the  figure  to  some  higher 
point,  as  r,  thus  causing  tne  wheel  to  turn  upon  its  cekitre  e, 
and  raise  the  rack  s,  while  it  depresses  the  rack  t  :  afterwards, 
while  the  crank  is  descending  through  the  other  half  of  its  re- 
volution, the  pin  is  pushed  back  again  from  a  to  i,  the  wheel  b 
turns  the  contrary  way,  the  rack  t  is  raised,  and  s  depressed. 
So  the  racks  are  alternately  raised  and  depressed  as  the  circular 
motion  of  the  handle  F  carries  round  the  crank  Aa.  The  radius 
ab  of  the  crank  must  I)e  rather  less  than  the  distance  ei  of  the 
pin  I  from  the  centre  of  the  wheel,  in  order  to  ensure  the  al- 
ternate motion  of  the  pistons:  and  the  more  extensive  the 
motion  of  these  is  required  to  be  with  respect  to  the  motion  of 
the  crank,  the  more  must  the  radius  of  the  wheel  ew  exceed  the 
distance  ei. 

This  contrivance,  however  ingenious,  has  been  seldom  applied 
%o  air-pumps ;  probably  because  there  is  a  considerable  variation 
of  requisite  moving  force  in  the  different  parts  of  the  revolution 
of  the  crank ;  a  variation  which  may  produce  jolts  in  the  motion. 
But  this  inequality  of  force  upon  the  crank,  being  occasioned  by 
the  variable  obliquity  in  the  position  of  the  leaders  n,  n^  may 
be  much  reduced  by  making  the  distances  ab^  ei,  as  mall  as 
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can  be  conveniently^  iirith  respect  to  the  length  at  of  the 
leaders. 

ANEMOMETER.  See  art.  49.  of  the  introductory  part 
of  this  volume. 

ATWOOD's  MACHINE^  the  name  which  is  now  commonly 
applied  to  the  ingenious  apparatus  invented  by  the  late  Mr. 
Atwood  of  Trinity  college,  Cambridge,  to  illustrate  the  doc- 
trines of  accelerated  motion.  This  machine  has  been  found  to 
answer  the  purpose  far  more  completely  than  any  other ;  subr 
jectinff  to  experimental  examination  the  quantity  of  matter 
moved,  the  measure  of  the  force  which  moves  it,  the  space  de- 
scribed from  quiescence,  the.  time  of  description,  and  the  velo- 
city acquired.  The  theory  of  this  instrument  depends  upon  the 
pnndples  exhibited  in  art.  267.  vol.  I.  But  we  shall  here  give 
so  much  of  the  theory  and  description  as  seems  necessary  to  show 
its  nature  and  use,  chiefly  in  the  words  of  the  ingenious  mventor. 

1.  Of  the  mass  mooed. — In  order  to  observe  the  effects  of  the 
moving  force,  which  is  the  object  of  any  experiment,  the  inter- 
ference of  all  other  forces  should  be  prevented :  the  quantity  rf 
matter  moved,  therefore,  considering  it  before  any  impelling 
force  has  been  applied,  should  be  without  weight;  for  although 
it  be  impossible  to  abstract  the  natural  gravity  or  weight  from 
any  substance  whatever,  yet  the  weight  may  be  so  counteracted 
as  to  be  of  no  sensible  effect  in  experiments.     Thus  in  the  in- 
strument constructed  to  illustrate  this  subject  experimentally, 
A,  B,  fig.  1.  pi.  y.  represent  two  equal  weights  affixed  to  the 
extremities  of  a  very  fine  and  flexible  silk  line :  this  line  is 
stretched  over  a  wheel  t»r  fixed  pulley  abcd^  moveable  round  an 
horizontal  axis :  the  two  weights  a,  b,  being  precisely  equal 
and  acting  against  each  other,  remain  in  equilibrio;  and  when 
the  least  wd^ht  is  superadded  to  either  (setting  aside  the  effects 
of  friction).  It  will  preponderate.    When  a,  b,  are  set  in  motion 
by  the  action  of  any  weight  vi^  the  sum  a  +  B+m  would  consti- 
tute the  whole  mass  moved,  but  for  the  inertia  of  the  materials 
which  must  necessarily  be  used  in  the  communication  of  mou 
lion :  these  materials  consist  of,  1.  The  wheel  abcd^  over  which 
the  line  sustaining  a  and  b  passes.     S.  The  four  friction- 
wheels,  on  which  the  axle  of  the  wheel  abed  rests :  the  use  of 
these  wheels  is  to  prevent  the  loss  of  motion,  which  would  be 
<NX»si<Hied  by  the  fnction  of  the  axle  if  it  revolved  on  an  im- 
moveable surface.    8.  The  line  by  which  the  bodies  a  and  b 
are  connected,  so  as  when  set  in  motion  to  move  with  equal 
velocities.     The  weight  and  inertia  of  the  line  are  too  small  to 
have  sensible  effect  on  the  experiments ;  but  the  inertia  of  the 
other  materials  just  mentioned  constitute  a  considerable  {tropo^. 
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ticm  of  the  mftSB  mared,  and  must  be  taken  into  account.  Since 
when  A  and  b  are  put  in  motion,  they  must  necessarily  hiovc 
with  a  velocity  equal  to  that  of  the  circumference  of  the  wheel 
abcd^  to  wjhich  the  line  is  applied ;  it  follows,  that  if  the  whole 
tnass  of  the  wheels  were  accumulated  in  this  circumference, 
its  inertia  would  be  truly  estimated  by  the  quantity  of  matter 
moved :  but  since  the  parts  of  the  wheels  move  with  different 
velocities,  their  effects  in  resisting  the  communication  of  mo- 
tion to  A  and  B  by  their  inertia  will  be  different ;  those  parts 
which  are  furthest  from  the  axis  resisting  more  than  those 
which  revolve  nearer  in  a  duplicate  proportion  of  those  di- 
stances. If  the  figures  of  the  wheels  were  regular,  from  know- 
ing their  weights  and  figures,  the  distances  of  their  centres  of 
gyration  from  their  axes  of  motion  would  become  known,  and 
consequently  an  equivalent  weight,  which  being  accumulated 
uniformly  in  the  circumference  abcd^  would  exert  an  inertia 
equal  to  that  of  the  wheels  in  their  constructed  ibrm.  But  as 
the  figures  are  wholly  irregular,  recourse  must  be  bad  to  expe- 
riment, to  assign  that  equivalent  quantity  of  matter,  which 
being  accumulated  uniformly  in  the  circumference  of  the  wheel 
aicdj  would  resist  the  communication  of  motion  to  a  in  the 
same  manner  as  the  wheels. 

In  order  to  ascertain  the  inertia  of  the  wheel  abed  with  that 
of  the  friction-wheels,  the  weights  a,  b,  being  removed,  the  fol- 
lowing experiment  was  made.  A  weight  of  thirty  grains  was 
affixed  to  a  silk  line  (the  weight  of  which  was  not  so  much  as 
^th  of  a  gi'aiU)  and  consequently  too  inconsiderable  to  have 
sensible  enect  in  the  experiment) ;  this  line  being  wound  about 
the  wheel  abed^  the  weight  30  grains  by  descending  from  rest 
communicated  motion  to  the  wheel,  and  by  many  trials  was 
observed  to  describe  a  space  of  about  88^  inehes  in  8  seconds. 
From  these  data  the  equivalent  mass  or  inertia  of  the  wheels 
will  be  known  from  this  rule : 

Let  a  weight  p  (fig.  2.)  be  applied  to  communicate  motion 
^  a  sj^stem  of  bodies  by  means  of  a  very  slender  and  flexible 
line  going  round  the  wheel  sldim,  through  tlie  centre  of  which 
the  axis  passes  (o  being  the  common  centre  of  ^avity,  b  the 
centre  of  gravity  of  the  matter  contained  in  this  hne,  and  o  the 
centre  of  oscillation).  Let  this  weight  descend  from  rest 
through  any  convenient  space  s  inches,  and  let  the  observed 
time  of  its  descent  be  t  seconds ;  thes  if  Z  be  the  space  through 
which  bodies  descend  freely  by  gravity  in  one  second,  the  equi* 

Talent  weight  sought  =  ^'^"'"^  =  — p.     See  art.  314 

vol.  I. 
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Here  we  have  pzz90  grainy  tzzS,  seconds,  2s;19S  ifiches, 

*=88-5  inches;  and— ~— p  zz^^^—^  30  =  1323 grains 

or  2i  ounces* 

This  is  the  inertia  equivalent  to  that  of  the  wheel  abed,  and 
the  friction-wheels  together :  for  the  rule  extends  to  the  estima- 
tion of  the  inertia  of  the  mass  contained  in  all  the  wheels. 

The  resistance  to  motion  therefore  arising  from  the  wheels^ 
inertia  will  be  the  same  as  if  they  were  absolutely  removed,  and 
a  mass  of  2^  ounces  were  uniformly  accumulated  in  the  cir* 
cumference  of  the  wheel  abed,  Tms  being  premised,  let  the 
boxes  A  and  b,  fig.  1,  be  replaced,  being  suspended  by  the  calk 
line  over  the  wheel  or  pulley  abcd^  and  balancing  each  other : 
suppose  that  any  weight  m  be  added  to  a  so  that  it  shall  descend, 
the  exact  quantity  of  matter  moved,  during  the  descent  of  the 
weight  A,  will  be  ascertained,  for  the  wtidle  mass  will  be  A-f-B 

In  order  to  avoid  troublesome  computations  in  adjusting  the 
quantities  of  matter  moved  and  the  moving  forces,  some  deter- 
minate weight  of  convenient  magnitude  may  be  assumed  as 
a  standard,  to  which  all  the  others  are  referred.  This  standard 
weight  in  the  subsequent  experiments  is  ^  of  an  ounce,  and  is 
represented  by  the  letter  m.  The  inertia  of  the  wheels  being 
therefore =2|  ounces,  will  be  denoted  by  11m.  a  and  b  are 
two  boxes  constructed  so  as  to  contain  different  quantities  of 
matter,  according  as  the  experiment  may  require  them  to  be 
varied:  the  wei^tof  each  box,  including  the  hook  to  which  it 
is  suspended,  nlf  oz.  or  according  to  the  preceding  estimation, 
the  weight  of  each  box  will  be  denoted  by  6/n;  these  boxes 
contain  such  weights  as  are  represented  by  fig.  3.  each  of  which 
weighs  an  ounce,  so  as  to  be  equivalent  to  4m ;  other  weights  pf 
*.  oz.  =  ^,  i = m,  and  aliquot  parts  of  m,  such  as  i,  |.m,  may  be 
also  included  in  the  boxes,  according  to  the  conditions  or  the 
different  experiments  hereafter  described. 

If  4^  oz.  or  19m,  be  included  in  either  box,  this,  with  the 
weight  of  the  box  itself,  will  be  SSw ;  so  that  when  the  weights 
A  and  B,  each  bemg  25m,  are  balanced  in  the  manner  above 
represented,  their  wiiole  mass  will  be  50m,  which  being  added 
to  the  inertia  of  the  wheels  11m,  the  sum  will  be  6  Jm.  More- 
over, three  circular  weights,  such  as  that  which  is  represented 
at  fig.  4.  are  constructed;  each  of  which  ri^oz.  or  m:  if  one 
of  these  be  added  to  a  and  one  to  b,  the  whole  mass  will  now 
become  63m,  perfectly  in  equilibrio,  and  moveable  bjr  the  least 
weight  added  to  either  (setting  aside  the  effects  of  friction),  in 
the  same  manner  precisely  as  if  the  same  weight  or  force  were 
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applied  to  oomniunicate  motion  to  the  roa8$  GSm^  existing  in 
free  space  and  without  gravity. 

2.  The  moving  farce.  Since  the  natural  weight  or  gravity  of 
any  given  substance  is  constant,  and  the  exact  quantity  of  it 
easily  estimated,  it  will  be  convenient  here  to  apply  a  weight  to 
the  mass  a  as  a  moving  force :  thus,  when  the  system  consists 
of  a  mass = 63m,  according  to  the  preceding  description,  the 
whole  being  perfectly  balanced,  let  a  weight  ^  oz.  or  in,  such  as 
is  represented  in  fig.  5.  be  applied  on  the  mass  a  ;  this  will 
communicate  motion  to  the  whole  system :  by  adding  a  quantity 
of  matter  m  to  the  former  mass  68w,  the  whole  quantity  of 
matter  moved  will  now  become  64w;  and  the  moving  force 
heingzzm,  this  will  give  the  force  which  accelerates  the  descent 

of  A=:Tr-,  or  ^'^  part  of  the  accelerating  force  by  which  the 

bodies  descend  freely  towards  the  earth *s  surface. 

By  the  preceding  construction,  the  moving  force  may  be 
altered  without  altering  the  mass  moved :  for  suppose  the  three 
weights  971,  two  of  which  are  placed  on  a,  and  one  on  b,  to  be 
removed,  then  will  a  balance  b.  If  the  weights  Sm  be  all 
placed  on  a,  the  moving  force  will  now  become  3m,  and  the 
mass  moved  64tm  as  before,  and  the  force  which  accelerates  the 

descent  of  An  — -=  -^^  parts  of  the  force  by  which  gravity  ac- 
celerates bodies  in  their  free  descent  to  the  surface. 
.  Suppose  it  were  required  to  make  the  moving  force  Swi,  the 
mass  moved  continuing  the  same.  In  order  to  effect  this,  let 
the  three  weights,  each  of  which  z=m,  be  removed;  a  and  b 
will  balance  each  other ;  and  the  whole  mass  will  be  61m :  let 
4m,  fig.  5,  be  added  to  a,  and  iin  to  b,  the  equilibrium  will  still 
be  preserved,  and  the  mass  moved  will  be  62m ;  now  let  2m  be 
adaed  to  a,  the  moving  force  will  be  ^,  and  the  mass  moved 
64m,  as  before ;  wherefore  the  force  of  acceleration  zzy^  part 
of  the  acceleration  of  ^avity.  These  alterations  in  the  moving 
force  may  be  made  with  great  ease  and  convenience  in  the  more 
obvious  and  elementary  experiments,  there  being  no  necessity 
for  altering  the  contents  of  the  boxes  a  and  b  :  but  the  propor- 
tion and  absolute  (j^uantities  of  the  moving  force  and  mass  moved 
may  be  of  any  assigned  magnitude,  according  to  the  conditions 
of  the  proposition  to  be  illustrated. 

3.  Of  me  space  described.  The  body  a,  fig.  1,  descends  in  a 
vertical  line ;  and  a  scale  about  64  inches  in  length  ^aduated 
into  inches  and  tenths  of  an  inch  is  adjusted  vertically,  and  so 
placed  that  the  descending  weight  a  may  fall  in  the  middle  of  a 
square  stage,  fixed  to  receive  it  at  the  end  of  the  descent :  the 
beginning  of  the  descent  is  estimated  from  0  on  the  scale,  when 
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the  boltoni  of  the  box  a  is  on  a  level  with  0.  The  descent  of 
A  is  terminated  when  the  bottom  of  the  box  strikes  the  stage, 
which  may  be  fixed  at  different  distances  from  the  point  0 ;  so 
that  by  altering  the  position  of  the  stage,  the  space  described 
from  quiescence  may  be  of  any  given  magnitude  less  than  64 
inches. 

4.  The  time  (^motion  is  observed  by  the  beats  of  a  pendulum, 
which  vibrates  seconds ;  and  the  experiments,  intended  to  illus- 
trate the  elementarjr  propositions,  may  be  easily  so  constructed 
that  the  time  of  motion  shall  be  a  whole  number  pf  seconds :  the 
estimation  of  the  time,  therefore,  admits  of  considerable  ex- 
actness, provided  the  observer  takes  care  to  let  the  bottom  of  the 
box  A  begin  its  descent  precisely  at  any  beat  of  the  pendulum ; 
then  the  coincidence  of  the  stroke  of  the  box  against  the  stage, 
and  the  beat  of  the  pendulum  at  the  end  of  the  time  of  motion, 
will  show  how  nearly  the  experiment  and  the  theory  Agree  to- 
gether.    There  might  be  various  mechanical  devices  thought  of. 
for  letting  the  weight  a  begin  its  descent  at  the  instant  of  a  beat 
of  the  pendulum  w :  let  the  bottom  of  the  box  a,  when  at  0 
on  the  scale,  rest  on  a  flat  rod,  held  in  the  hand  horizontally,  its 
extremity  being  coincident  with  0,  by  attending  to  the  beats  of 
the  pendulum ;  and  with  a  little  practice  the  rod  which  supports 
the  box  A  may  be  removed  at  the  moment  the  pendulum  beats, 
so  that  the  descent  of  a  shall  commence  at  the  same  instant. 

5.  Of  the  velocity  acquired*  It  remains  only  to  describe  in 
what  manner  the  velocity  acquired  by  the  descending  weight 
A,  at  any  given  point  of  the  space  tnrough  which  it  has  de- 
scended, is  made  evident  to  the  senses.  The  velocity  of  a's 
descent  being  continually  accelerated,  will  be  the  same  in  no 
two  points  of  the  space  described.  This  is  occasioned  by  the 
constant  action  of  the  moving  force ;  and  since  the  velocity  of 
A  at  any  instant  is  measured  by  the  space  which  would  be  de- 
scnbed  by  it,  moving  uniformly  for  a  given  time  with  the  ve- 
locity it  had  acquired  at  that  instant,  this  measure  cannot  be  ex- 
perimentally obtained,  except  by  removing  the  force  by  which 
the  descending  body's  acceleration  was  caused. 

In  order  to  show  in  what  manner  this  is  affected  practically, 
let  us  again  suppose  the  boxes  a  and  b  zi  9&m  each,  so  as  to« 
gether  to  berzSOw;  this  with  the  wheel's  inertia  llw,  will 
make  61m ;  now  let  w,  fig.  3.  be  added  to  a,  and  an  equal 
weight  m  to  b,  these  bodies  will  balance  each  other,  and  the 
whole  mass  will  be  63m.  If  a  weight  m  be  added  to  a,  motion 
will  be  communicated,  the  moving  force  being  w,  and  the  mass 
moved  64ffi.  In  estimating  the  moving  force,  the  circular  weight 
=  m  was  mAde  use  of  as  a  moving  force :  but  for  the  present 
purpose  of  lowing  the  velocity  acquired,  it  will  be  convenient 
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to  use  aflat  rod,  the  weight  oi  which  U  also  =  m.  Let  the  bottom 
of  the  box  A  be  placed  on  a  level  with  0  on  the  scale,  the  whole 
mass  being  as  described  above  =  68^9  perfectly  balanced  in 
equilibrio.  Now  let  the  rod,  the  weight  of  which  zzm,  he 
placed  on  the  upper  surface  of  a  ;  this  body  will  descend  along 
the  scale  precisely  in  the  same  manner  as  when  the  moving 
force  was  applied  in  the  form  of  a  circular  weight.  Suppose 
the  mass  a,  fig.  69  to  have  descended  by  constant  acceleration 
of  force  m,  for  any  given  time,  or  through  a  given  space : 
let  a  circular  frame  be  so  affixed  to  the  scale,  contiguous  to 
which  the  weight  descends,  that  a  may  pass  centrally  through 
it,  and  that  this  circular  frame  may  intercept  the  rod  m,  by 
which  the  body  a  has  been  accelerated  from  quiescence.  After 
the  moving  force  m  has  been  intercepted  at  the  end  of  the  given 
space  or  Ume,  there  will  be  no  force  operating  on  any  part  of 
the  system  which  can  accelerate  or  retard  its  motion :  this  being 
the  case,  the  weight  a,  the  instant  after  m  has  been  removed, 
must  proceed  uniformly  with  the  velocity  which  it  had  acquired 
that  instant :  in  the  subsequent  part  of  its  descent,  the  velocity, 
being  uniform,  will  be  measured  by  the  space  described  m 
any  convenient  number  of  seconds. 

Other  uses  of  the  instrument  it  is  needless  to  describe  par- 
ticularly, but  it  may  not  be  improper  to  mention  some  of  them ; 
such  as   the  experimental  estimation  of  the  velocities   com- 
municated by  the  impact  of  bodies  elastic  and  non-elastic ;  the 
quantity  of  resistance  opposed  by  fluids,  as  well  as  for  various 
other  purposes.     These  uses  we  shall  not  insist  on ;  but  the  pro- 
perties of  retarded  motion  being  a  part  of  the  present  subject,  it 
may  be  necessary  to  show  in  what  manner  the  motion  of  bodies 
resisted  by  constant  forces  are  reduced  to  experiment  by  means 
of  tfaeinstrumentabovedescribed,  with  as  great  ease  and  precision 
as  the  properties  of  bodies  uniformly  accelerated.     A  single  in- 
stance will  be  sufficient:  Thus,  suppose  the  mass  contained  in 
the  weights  a  and  b,  fig.  6,  and  the  wheels  to  be  61m,  when 
perfectly  in  equilibrio ;  let  a  circular  weight  m  be  applied  to  b, 
and  let  two  long  weights  or  rods,  each  =  m,  be  applied  to  a, 
then  will  a  descend  by  the  action  of  the  moving  force  m,  the 
mass  moved  being  64m :  suppose  that  when  it  has  described 
any  given  space  by  constant  acceleration,  the  two  rods  m  are 
intercef:»ted  by  the  circular  frame  above  described,  while  a  is 
descending  through  it,  the  velocity  acquired  by  that  descent  is 
known ;  and  when  the  two  rods  are  intercepted,  the  weight  a 
will  begin  to  move  on  with  the  velocity  acquired,  being  now 
retarded  by  the  constant  force  tn ;  and  since  the  mass  moved 
is  62m,  it  follows  that  the  force  of  retardation  will  be  ^  part  of 
that  (onx  whereby  gravity  retards  bodies  thrown  perpendicularly 
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upwards.  The  weight  a  will  therefore  proceed  along  die  gra^ 
duated  scale  in  its  descent  with  an  uniformly  retarded  motion, 
and  the  space  described,  times  of  motion,  and  velocities  destroyed 
by  the  resisting  force,  will  be  subject  to  the  same  measures  as 
in  the  examples  of  accelerated  motion  above  described. 

In  the  foregoing  descriptions,  two  suppositions  have  been 
assumed,  neither  of  which  is  mathematically  true ;  but  it  may 
be  easily  shown  that  they  are  so  in  a  physical  sense :  the  errors 
occasioned  by  them  in  practice  being  insensible. 

1.  The  force  which  communicates  motion  to  the  system  has 
been  assumed  constant ;  which  will  be  true  only  on  a  supposition 
that  the  line,  at  the  extremities  of  which  the  weights  a  and  b, 
fig.  1,  are  affixed,  is  without  weight.  In  order  to  make  it 
evident  that  the  line's  weight  and  inertia  are  of  no  sensible 
effect,  let  a  case  be  referred  to,  wherein  the  body  a  descends 
through  48  inches  from  rest  by  the  action  of  the  moving  force 
m,  when  the  mass  moved  is  64^ ;  the  time  wherein  a  describes 
48  inches  is  increased  by  the  effects  of  the  line's  weight  by  no 
more  than  -rlw^^^^  parts  ol*  a  second ;  the  time  of  descent  being 
d«9896  seconds,  when  the  string's  weight  is  not  considered,  and 
the  time  when  the  string^s  weight  is  taken  into  account =4*0d08 
seconds ;  the  difference  between  which  is  wholly  insensible  by 
observation. 

2.  The  bodies  have  also  been  supposed  to  move  in  vacuo, 
whereas  the  air's  resistance  will  have  some  effect  in  retarding 
th^r  motion;  but  as  the  greatest  velocity  communicated  in 
these  experiments  cannot  much  exceed  that  of  about  26  inches 
in  a  second  (suppose  the  limit  26*2845),  and  the  cylindrical 
boxes  being  about  1|:  inches  in  diameter,  the  air's  resistance  can 
never  increase  the  tim^  of  descent  in  so  great  proportion  as  that 
of  240:  241;  its  effects  therefore  will  beinsensiUe  in  experiment. 

The  effects  of  friction  are  almost  wholly  removed  by  the 
friction  wheels ;  for  when  the  surfaces  are  well  polished  and 
free  from  dust,  &c.  if  the  weights  a  and  b  be  balanced  in  per<^ 
feet  eqailibrio,  and  the  whole  mass  consists  of  63m,  according 
to  the  example  already  described,  a  weight  of  1^  grain,  or  at 
most  2  grains,  being  added  either  to  a  or  b,  will  communicate 
motion  to  the  whole ;  which  shows  that  the  effects  of  fUction 
will  not  be  so  great  as  a  weight  of  1  ^  or  two  grains.  In  some 
cases,  however,  especially  in  experiments  relating  to  retarded 
motion,  the  effects  of  friction  become  sensible;  but  may  be  very 
readily  and  exactly  removed  by  adding  a  small  weight  df  1  -S  or  2 
^juns  to  the  descending  body,  taking  care  that  the  weight  added 
IS  such  as  is  in  the  least  degree  smaller  than  that  which  is  just 
sufficient  to  set  the  whole  in  motion,  when  a  and  b  are  equal. 
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and  balance  each  other  before  the  moving  force  is  applied. 
(Atwood on  Motion^  p.  316) 

BALANCE,  as  distinguished  from  the  Steelyard,  is  a  lever 
\irith  equal  arms,  whose  fulcrum  or  centre  of  motion  is  situated 
immediately  above  the  centre  of  gravity  of  the  beam,  when  ho- 
rizontal :  it  is  used  chiefly  in  determining  the  equality  or  differ- 
ence in  the  weights  of  different  bodies. 

Some  remarks  on  the  nature  cff  the  balance  were  made  when 
we  treated  of  the  lever  in  the  first  volume;  where  also  we 
showed  how  to  correct  the  deception  occasioned  by  a  false 
balance :  in  addition  to  what  was  there  stated,  we  shall  now 
present  a  few  such  observations  as  may  be  most  serviceable  in 
directing  the  accurate  construction  of  this  instrument. 

1.  The  axis  of  motion  of  the  balance  should  be  above  the 
centre  of  gravity  of  the  beam. 

2.  A  slender  mdex,  or  tongue  (as  it  is  called),  passes  through 
the  centres  of  gravity  and  motion  of  the  beam,  perpendicular 
to  its  axis :  by  this  index  the  horizontal  poedtion  of  the  beam, 
when  loaded,  in  the  comparison  of  weights,  is  determined. 

3.  When  the  balance  unloaded  is  quiescent,  and  therefore 
horizontal,  if  the  index  which  passes  through  the  fulcrum  be 
directed  to  any  fixed  point ;  and  again  when  the  balance  is  re- 
versed, it  be  directed  to  the  same  fixed  point ;  it  is  in  the  right 
line  which  joins  the  centre  of  gravity  an4  the  fulcrum. 

By  this  means  the  position  of  the  index  is  adjusted. 

4.  The  perpendicular  distances  of  the  points  of  application  of 
the  weights  to  be  compared,  from  the  right  line  whicn  joins  the 
centres  pf  gravity  and  of  motion,  should  be  equal,  that  is,  the 
arms  of  the  balance  ought  to  be  equal. 

5.  The  points  of  application  from  which  the  weights  are  sus- 
pended should  be  in  the  same  right  line  perpendicular  to  the 
line  joining  the  centres  of  gravity  and  of  motion. 

6.  The  nearer  the  right  line  joining  the  points  of  application 
is  to  the  centre  of  motion,  the  larger  vibrations  of  the  oalance, 
and  a  more  sensible  effect,  will  be  produced. 

7.  if  the  centre  of  motion  be  situated  below  the  Hne  joining 
the  points  of  appUcation,  the  beam,  when  loaded  with  equiu 
weignts,  will  overset,  rest  in  any  position,  or  equilibrate  accord- 
ing to  the  weight. 

8.  When  two  given  weights,  suspended  from  the  arms  of  a 
balance,  are  in  equilibrio,  if  these  weights  when  transferred  to 
the  opposite  scales  be  still  in  equilibrio,  the  arms  of  the  balance 
are  eoual. 

9.  The  various  adjustments  of  the  balance  are  these :  1st. 
Equal  weights  are  readily  found,  whatever  be  the  state  of  the 
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balanoe ;  for,  if  they  reduce  the  beam  to  the  same  position, 
when  successively  applied  to  the  same  arm,  they  must  be  equal : 
then  if  these  equal  weights  transposed  do  not  disturb  the  posi- 
tion of  the  beam,  the  arms  are  equal.  2dly.  If  unequal  weights 
transposed  produce  equal  deflections  of  the  beam,  tne  points  of 
suspension  are  in  the  same  right  lines,  perpendicular  to  that 
which  joins  the  centre  of  gravity  and  motion ;  and  therefore 
the  line  jmning  these  points  will  be  horizontal  when  the  beam 
hangs  freely.  8dly.  Let  the  index  be  directed  to  any  fixed  point, 
then  the  beam  being  reversed,  if  it  still  pass  through  the  same 
point,  the  index  is  perpendicular  to  the  axis  of  the  beam. 

10.  The  equilibrium  of  the  balance  will  be  effected  by  the 
tongue,  unless  it  be  continued  below  the  centre  of  motion,  so 
that  the  momenta  on  both  sides  may  be  equal  and  opposite. 

11.  Minute  di£Perences  of  weight  are  rendered  more  dis- 
cernible by  diminishing  the  friction  upon  the  axis,  as  by  sus- 
pending it  in  a  fork  with  springs,  &c. 

Indeed  when  balances  are  required  for  accurate  philosophical 
purposes,  much  caution  is  requisite  in  the  viarious  parts  of 
the  construction,  and  many  peculiar  contrivances  have  been 
adopted :  some  of  the  best  of  these  are  given  in  the  following 
article.  Among  domestic  balances  the  best  with  which  we  are 
acquainted  is  that  of  Brady. 

Hydrostatic  Balance,  is  an  instrument  contrived  to  deter- 
mine accurately  the  specific  gravity  of  both  solid  and  fluid  bodies.  - 
One  of  the  most  ingenious  forms  of  this  balance  is  exhibited  in 
fig.  5.  pi.  VI.  where  vcg  is  the  stand  or  pillar,  which  is  to  be 
fixed  in  a  taUe.  From  the  top  a  hangs  by  two  silk  strings  the 
horizontal  bar  bd,  from  which  is  suspended  by  a  ring  i  the  fine 
beam  of  a  balance  b :  which  is  prevented  from  descending  too 
low  on  either  side  by  the  gently  springing  piece  txyz,  fixed  on 
the  support  m.  Tne  harness  is  annulatea  at  o,  to  show  di- 
stinctly the  perpendicular  position  of  the  examen,  by  the  small 
pointed  index  nxed  above  it. 

The  strings  by  which  the  balance  is  suspended,  passing  oyer 
two  pulleys,  one  on  each  side  the  piece  at  a,  go  down  to  the 
bottom  on  the  other  side,  and  are  hung  over  the  hook  at  v ;  which 
hook,  by  means  of  a  screw  p,  is  moveable  to  about  the  distance 
of  an  inch  and  a  quarter  backward  and  forward,  and  therefore 
the  balanoe  may  be  raised  or  depressed  so  much.  But  if  a 
greater  elevation  or  depression  be  required,  the  sliding  piece 
which  carries  the  screw  p,  is  readily  removed  to  any  part  of  the 
square  brass  rod  vk,  and  fixed  by  means  of  a  screw. 

The  motion  of  the  balance  bemg  thus  adjusted,  the  rest  of 
the  apparatus  is  as  follows :  hh  is  a  small  board  fixed  upon  the 
Yxiece  d,  under  the  scales  ^  and  e^  and  is  moveable  up  and  down 
m  a  low  slit  in  the  pillar  above  c,  and  fastened  at  any  part  by  a 


94  MACHINES. 

screw  behind.  From  the  point  in  the  middle  of  the  bottom  of 
each  scale  hangs,  by  a  fine  nook,  a  brass  wire  ad^  and  clc  :  these 
pass  through  holes  m^  m,  in  the  table.  To  the  wire  ad  is  sti^ 
pended  a  curious  cylindric  wire  rj,  perforated  at  each  end  for 
that  purpose :  this  wire  rs  is  covered  with  paper  graduated  by 
equal  divisions,  and  is  about  five  inches  long. 

In  the  comer  of  the  board  at  b  is  fixed  a  brass  tube,  on  which 
a  round  wire  A2  is  so  adapted  as  to  move  neither  too  tight  nor 
too  freely,  by  its  flat  head  i.  Upon  the  lower  part  of  this 
moves  another  tube  a^  which  has  suflScient  fnction  to  make  it 
remain  in  any  position  required :  to  this  is  fixed  an  index  t, 
moving  horizontally  when  the  wire  hi  is  turned  about,  and  may 
therefore  be  easily  set  to  the  graduated  wire  ra.  From  the 
lower  end  of  the  wire  rs  Imngs  a  weight  l  ;  and  from  that  a 
wire  j7n,  with  a  small  brass  ball^  about  one-fi>urth  of  an  inch 
diameter.  On  the  other  side  from  the  wire  ac  hangs  a  large 
glass  bubble,  k,  by  a  horse*hair. 

Now  let  us  suppose  the  weight  l  taken  away,  and  the  wire 
pn  suspended  from  s :  and  on  the  other  side  let  the  bubble  r  be 
taken  away,  and  a  weight,  as  f,  suspended  at  c  in  its  room. 
This  weight  f  we  suppose  to  be  sufficient  to  keep  the  several 
parts  hanging  from  the  other  scale  in  equilibrio ;  at  the  same 
time  that  the  middle  point  of  the  wire  pn  is  at  the  surface  ott 
the  water  in  the  vessel  o.  The  wire  pn  is  to  be  of  such  a  size 
that  the  length  of  one  inch  shall  weig^  four  grains. 

Now  it  is  evident,  since  brass  is  about  eight  times  heavier 
than  water,  that  for  every  inch  the  wore  sinks  in  the  water,  it 
will  become  half  a  grain  lighter ;  and  half  a  grain  heavier  for 
ev^ry  inch  it  rises  out  of  the  water :  consequently,  by  sinking 
two  inches  below  the  middle  point,  or  rising  two  inches  above 
it,  the  wire  will  become  in  effect  one  ^rain  lighter  or  heavier. 
If,  therefore,  when  the  middle  point  is  at  the  surface  c(  the 
water  in  equilibrio,  the  index  t  oe  set  to  the  middle  point  of 
the  graduated  wire  rSy  and  the  distance  of  r  and  of  s  from  the 
index  be  each  reckoned  to  contain  100  equal  parts ;  then,  if  in 
w^ghin^  bodies  the  weight  is  required  to  the  hundredth  part  of 
a  grain,  it  maj^  be  easily  obtained  by  proceeding  thus : — Let  the 
body  to  be  weighed  be  placed  in  the  scale  e ;'  and  let  this  be  ao 
determined  that  one  grain  more  shall  be  too  much,  and  one 
grain  less  too  little.  Then  the  balance  being  moved  gently  up 
or  down  by  the  screw  p  till  the  equilibrium  oe  nicely  shown  at 
o,  if  the  index  t  be  at  the  middle  point  of  the  wire  r«,  it  shows 
that  the  weights  put  into  the  scale  e  are  just  equal  to  the  weight 
of  the  body. 

But  If  tfae  index  t  stand  nearer  to  r  than  to  5,  as  suppose  36 
of  the  100  parts,  it  shows  the  number  of  grains  iii  the  scale  e 
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were  less  than  equal  to  the  weight  of  the  body  in  scale  J,  by  36 
hundredths  of  a  grain :  and  if,  on  the  other  hand,  the  index  had 
stood  at  the  division  86  below  the  middle  point  of  rs^  then  would 
the  grains  in  tlup  scale  e  indicate  more  than  the  real  weight  in  d 
by  36  hundredths  of  a  grain. 

Instead  of  putting  the  body  in  the  scale  d  as  before,  let  it  be 
appended  with  the  weight  f  at  the  hook  c  by  a  horse-hair,  as  at 
R,  supposing  the  vessel  of  water  were  away ;  then  observe  the 
equihbrium,  and  as  it  hangs,  let  it  be  immersed  in  the  water  of  the 
vessel  o,  and  it  will  become  much  lighter ;  the  number  of  grains 
and  parts  of  grains,  determined  as  before^  required  to  restore 
the  equilibrium,  will  show  the  weight  of  water  equal  in  bulk  to 
the  body  immersed. 

In  practice,  the  wire  jm  should  be  piled,  and  then  wiped  as 
clean  as  possible;  enough  will  remain  to  prevent  the  water 
adhering  to  it.  The  balance  ought  to  be  raised  very  gently, 
and  when  brought  to  an  equilibrium  should  be  gently  agitated, 
to  see  whether  it  will  return  to  the  equilibrium  again. 

For  the  description  of  M.  Paul's  accurate  steelyard  to  answer 
the  same  purposes,  see  the  article  steelyard. 

M.  Prony,  of  whom  we  often  have  had  occasion  to  speal(, 
has  invented  a  stand  or  support  for  balances  of  all  dimensions, 
which  is  calculated  to  render  the  operations  for  which  these 
instruments  are  used  more  expeditious  and  convenient,  without 
diminishing  their  accuracy. 

"  Several  experiments,"  says  he,  **  in  which  I  was  engaged 
during  the  course  of  the  last  winter,  put  me  under  the  necessity 
of  contriving  a  support  which  might  be  applied  promiscuously 
to  every  "kind  of  balance,  whether  provided  with  a  suspending 
handle  or  not,  and  which,  without  detriment  to  its  accuracy, 
should  afibrd  me  commodious  means  of  successively  raising  and 
lowering  it.  It  is  well  known  how  embarrassing  and  laborious 
the  operation  of  weighing  is,  when  performed  with  balances 
supported  by  the  hand ;  though  this  is  often  only  the  smallest 
inconvenience  with  which  their  use  is  attended. 

^'  Various  artists  have  contriy<ed  supports,  commodious  in 
their  use,  and  ingenious  in  their  principle ;  but  as  each  of  these 
supports  can  only  be  adapted  to  a  single  balance,  they  become 
so  expensive  as  to  be  out  of  the  reach  of  the  majority  of  artists 
and  experimentalists.  I  think,  therefore,  I  shall  do  them  an 
acceptable  service  by  publishing,  in  compliance  with  the  request 
of  several  eminent  chemists,  the  description  of  a  support, 
which,  besides  the  advantajge  of  being  adapted  for  all  kinds  of 
balances,  possesses  that  oi  being  constructed,  at  a  small  ex« 
pense,  either  in  wood  or  metal. 

<^  A  triangular  foot  of  brass  Aa,  a,  a  (figs.  1.  and  S.  pL  VI. 
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representing  the  elevation  and  section  of  my  apparatus)  has  its 
three  extremities  a,  a,  a,  firmly  screwed  down  upon  a  table  or 
horizontal  plane.  Into  the  part  a  of  this  foot  is  screwed  a 
cylindrical  rod  ab,  which  may  be  of  any  arhkrary  length :  it 
may  even  be  convenient  to  have  two  of  these  of  different  lengths, 
in  order  that  they  may  be  changed^  when  we  wish  to  employ 
the  machine  for  very  large  balances.  Those  which  I  have  made 
use  of  are,  the  one  half  a  metre,  and  the  other  one  metre  (S9*4 
inches)  in  length. 

"  A  vertical  pulley,  p,  is  placed  at  the  top  of  the  stem  ab, 
in  such  a  manner  that  the  same  vertical  plane  passes  through 
the  axis  of  the  rod,  and  through  the  horizontal  axis  of  the 
pulley  ;  the  block  or  collar  cd  of  this  pulley  has  at  its  lower 
part  a  tube  cb,  into  which  enters,  with  a  gentle  friction,  the 
superior  extremity  of  the  rod  ab  ;  a  screw,  e,  serves  to  keep 
the  pulley  in  a  fixed  position. 

**  Another  pulley,  p,  is  fixed  at  the  bottom  of  the  rod  ab,  in 
such  a  position  that  the  tangent  of  the  pulleys  p  and  p  is 
parallel  to  the  axis  of  the  rod  ab. 

'*^  A  cord  K^HGPF,  to  the  end  of  which  is  suspended  on  the 
outside  of  the  vertical  table  x  a  small  weight  Xr,  passes  through 
a  hole  t  made  in  the  foot  a,  rolls  over  the  pulleys  |7  and  p,  and 
is  attached  at  f  to  a  piece  mining ^  which  has  the  form  of  a 
fork,  and  to  which  are  suspended  (as  I  shall  shortly  explain) 
the  balance,  the  weights,  and  the  substances  that  are  to  be 
weighed.  Fm  is  a  button,  which  being  screwed  at, the  top  of 
the  fork,  receives  the  end  of  the  cord,  and  by  means  of  a  knot 
made  on  it  sustains  the  fork. 

**  The  tail  or  handle  of  this  fork  is  of  a  prismatic  form  at 
the  part  m}n ;  this  prismatic  part  enters  a  groove^^made  at  the 
extremity  n  of  the  horizontal  piece  no,  so  that  it  can  slide 
freely  in  this  groove  either  upwards  or  downwards,  its  course 
bein^  however  limited  at  rn}^  wnere  it  is  stopped  by  the  enlarged 
handle  of  the  fork,  and  at  n  by  the  greater  width  produced  by 
the  separation  of  the  two  branches  of  the  fork. 

"  The  piece  no,  which  is  Hbllow,  and  intersected  at  o  by  the 
stem  AB,  can  slide  along  and  turn  round  this  stem  :  when  it  is 
brought  to  its  proper  neight,  it  is  secured  by  means  of  the 
screw  V,  and  it  is  tnen  necessary,  first,  that  it  should  be  at  such 
a  height  that,  wlien  the  stop  m  rests  on  the  side  of  the  groove jQ^ 
or  when  no  can  move  no  further  down,  the  scale  of  the  balance 
shall  be  in  contact  with  the  table  or  horizontal  plane,  in  order 
that  we  may  afterwards  be  able  to  raise  it  the  whole  height  of 
y*n;  secondly,  that  the  cord  ff  be  in  one  and  the  same  vertical 
plane  with  ho. 

^*  The  groove  at  n  ought  to  be  situated  in  such  a  manner  that 
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the  axis  of  the  pmmatic  part  of  the  tail  of  the  fork,  and  the 
cord  ffS  shall  always  be  in  the  same  vertical  plane,  or  in  a 
parallel  line  with  the  axis  of  the  stem  ab. 

"  These  dispositions  being  made,  let  us  imagine  the  two 
branches  nq  of  the  fork  to  be  perforated  with  holes  of  different 
diameters,  m  order  to  receive  horizontal  pins  (gg)  of  diflTerent 
sizes;  and  we  shall  have  all  that  is  requisite  for  the  ordinary 
operations  of  weighing,  performed  in  the  air  with  balances, 
the  beams  of  whicn  are  suspended  from  above. 

"  In  fact,  whatever  kind  of  balance  we  use,  we  are  to  intro^ 
duce  the  extremity  of  its  suspending  handle  into  the  fork  nq^ 
and  insert  into  the  round  hole,  which  the  handle  of  the  balance 
always  has  at  its  superior  extremity,  any  one  of  the  pins  that 
will  enter  with  ease ;  we  then  apply  the  piece  on  in  such  a 
manner  as  to  fulfil  the  conditions  above  laid  down  for  the 
position  of  this  jnece ;  after  which,  it  is  to  be  fixed  by  the  screw 
V.  This  being  done,  the  scales  of  the  balance  are  to  be 
charged,  which  being  in  contact  with  the  table,  or  horizontal 

1>lane,  can  have  no  motion.  When  the  scales  are  charged,  we 
ay  hold  of  the  small  ball  k,  and  draw  the  cord  which  suspends 
it  so  as  to  raise  the  balance  very  slowly  :  if  the  scales  be  inot  in 
equilibrio,  the  cord  is  to  be  loosened  till  they  rest  again  upon  the 
table,  and  so  successively. 

**  A  counterpoise,  a,  suspended  to  the  cord  fg,  ought  to 
preserve  tlie  equilibrium  with  the  weight  of  the  balance.  By 
means  of  this  precaution  it  comes  to  pass,  that  the  common 
centre  of  gravity  of  all  the  forces  supported  by  the  pulley 
F,  falls  in  all  cases  upon  the  axis  of  the  stem  ab,  which  thus 
has  no  tendency  to  bend. 

'^  If  we  wish  now  to  use  a  hydrostatic  balance,  we  adapt  to 
the  stem  ab  a  small  board  on,  fig.  3,  which,  by  means  of  a 
cylindrical  hole  at  o,  may  slide  along  the  rod  ab,  and  be  fixed 
at  any  arbitrary  height  by  a  screw  at  v.  Another  piece, 
or  board  k'kS  is  placed  upon  v^n^  in  such  a  manner  that  the 
boles  XT  correspond  with  the  centre  of  the  scales,  under  which 
are  placed  the  hooks  intended  for  holding  the  substances  sus- 
penaed  in  the  water,  and  k^k^  is  fixed  upon  v^n^  by  means  of 
screws  v*. 

*'  These  arrangements  being  made,  let  the  piece  k^o^  and  the 
board  k^k^  be  placed  in  such  a  manner  that,  first,  the  whole 
height  of  the  balance  be  placed  between  this  piece  and  the 
board,  and  that  the  scales  ll  be  i^  contact  with  the  board 
k'k^,  their  centres  corresponding  with  holes  made  in  tt. 
Secondly,  that  k^k^  be  sufficiently  elevated  to  enable  us  to 
place  under  it  the  vessels  ww,  filled  with  water,  and  conveniently 
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to  immerse,  in  one  of  these  vessels,  the  substances  which  we 
wish  to  weigh  hydrostatically. 

'*  According  to  the  common  practice,  these  substances  are 
suspended  by  a  very  thin  wire;  but  by  placing,  after  my 
method,  two  vessels,  and  suspending  to  the  two  scales  wires  of 
equal  diameter,  the  one  of  which  supports  the  substance  that  ii 
to  be  weighed,  and  the  other  merely  in  part  immersed,  the 
magnitude  of  the  diameter  will  have  no  influence  upon  the  ac^ 
curacy  of  the  operation ;  for,  let  us  suppose  the  apparatus  to  be 
adjusted  in  such  a  manner  that  at  first  the  two  wires  were  in 
equilibrio  with  each  other  (which  may  easily  be  obtained  by 
varying  the  height  of  the  water  in  the  vessels),  these  two  wires 
will  still  be  in  equilibrio,  when  the  beam  ff*  being  elevated, 
will  remain  in  its  horizontal  position :  whence  it  follows  that  if 
one  of  the  wires  have  suspended  from  it  a  substance  immersed 
in  the  water,  and  we  place  m  theopposite  scale,  and  consecj^uently 
out  of  the  water,  a  weight  adequate  to  keep  the  equilibrium 
with  the  immersed  Substance,  for  a  horizontal  position  of  the 
beam, the  equilibrium  will  still  be  maintained,  whatever  maybe 
the  elevation  or  depression  of  the  beam,  provided  it  continue  in 
a  horizontal  position ;  for  the  lengths  of  the  wires,  either  above 
or  below  the  surface  of  the  water,  being  equal,  the  difference 
between  the  specific  weight  of  the  water  and  that  of  the  metal 
will  operate  equally  upon  both  extremities  of  the  beam.  It  is 
evident  that  this  advantage  will  not  be  obtained  if  we  employ 
only  the  wire  to  which  the  substance  is  suspended,  and  that  the 
equilibrium,  established  for  a  certain  elevation  and  a  horizontal 
position  of  the  beam,  will  not  apjdy  to  other  elevations  of  the 
beam  by  preserving  it  in  the  horizontal  position. 

**  It  IS  to  be  remarked,  that  my  method  compensates  not  only 
for  the  excess  rf  the  specific  weight  of  the  wires  over  that  of 
the  water,  but  also  for  that  which  depends  upon  the  adhesion 
of  the  fluid  to  the  wires,  and  the  covering  of  water  which  they 
carry  along  with  them. 

*'  All  that  has  been  said  hitherto  applies  only  to  balances 
that  are  provided  with  suspended  handles ;  but,  in  order  to 
render  this  support  absolutely  universal  in  its  use,  it  was 
necessary  that  it  should  be  possible  to  adapt  it  to  a  beam  which 
had  nothing  but  its  centres ;  for  which  purpose  I  contrived  an 
apparatus,  which  is  suspended,  like  those  of  a  common  balance, 
to  the  fork  n^,and  which  may  receive  the  centres  of  any  beam. 
The  engraved  plates  of  my  machine  represent  it  provided  with 
this  apparatus,  the  construction  of  which  is  as  foUows. 

*'  A  piece  ss^  has  a  screwed  hole  bored  into  it  at  5^  into  which 
the  screw  dd  is  inserted  half  its  length.    Another  hole^  made 
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at  s,  in  a  perpendicular  direction  to  the  first,  receiyes  the  pin 

f'g,  to  which  all  the  inferior  apparatus  is  suspended.    Thid 
lole  s  supplies  the  place  of  that  which  is  found  at  the  upper 
extremity  of  the  suspended  handle  of  balances. 

**  The  two  other  vertical  pieces  r,  r,  fig.  4.  have  at  their  upper 
part  cylindrical  holes  not  screwed,  in  which  the  screw  dd  can 
turn  freely.  These  superior  parts  are  placed  at  an  arbitrary 
distance,  and  retained  in  their  situation  by  means  of  four  nut* 
^rews  UyU,UjU,  each  of  the  pieces  being  fastened  between  two 
of  these  nut*screws.  A  cylindrical  rod  kh  traverses  the  inferior 
parts  of  these  pieces  rr,  and  is  fixed  there  by  means  of  nut-^ 
screws,  in  such  a  manner  that  the  superior  and  inferior  points 
of  the  piece  rr  are  invariably  at  the  same  distance. 

**  Each  of  these  pieces  rr  has,  upon  the  surface  which  is  per- 
pendicular to  the  direction  of  dd  and  M,  a  groove  ee^  and  a 
circular  aperture  x,  having  at  its  lower  part  a  small  bracket  of 
polished  steel  aa,  intended  to  support  one  of  the  centres  of  the 
beam.  Into  the  upper  part  of  the  grooves  ee  a  rule  e^e^  is 
introduced,  which  must  enter  with  tightness,  and  which,  with 
the  pieces  dd  and  7«A,  give  such  a  solidity  to  the  apparatus,  that 
the  adjustment  of  its  parts  cannot  be  in  the  smallest  degree 
deranged.  The  remainder  of  the  groove,  which  is  not  occupied 
by  e^e^,  ought  to  be  of  a  length  somewhat  greater  than  that  of 
the  largest  cock  or  index  adapted  to  the  beams  which  we  shall 
have  to  use. 

**  The  method  of  using  the  apparatus  which  1  have  lust 
described  is  very  simple.  The  beam  which  we  intended  to 
employ  is  placea  between  the  two  branches  tr ;  which  are  re- 
moved from  each  other  till  the  centres  can  be  brought  opposite 
to  the  circular  holes  x ;  the  pieces  r,  r,  are  then  Drought  to- 
gether in  such  a  manner  that  the  centres  enter  these  holes  x, 
and  so  as  still  to  leave  some  room  for  motion  between  these 
pieces  and  the  body  of  the  beam,  in  order  that  the  oscillations  of 
the  balance  may  be  perfectly  free.  The  pieces  r,  r,  are  brought 
parallel  with  each  other,  and  the  adjustment  of  the  apparatus 
IS  rendered  perfectly  firm,  by  means  of  nut-screws,  oy  the 
small  cylindrical  rod  M,  and  by  the  rule  e^e^.  The  apparatus 
being  adjusted  in  this  manner,  it  is  suspended  to  the  fork  »y, 
by  inserting  the  pin  gg  into  the  hole  s,  and  the  balance  is  used 
in  the  manner  that  has  already  been  explained.  We  know  the 
equilibrium  to  be  established,  and  the  beam  to  be  horizontal, 
when  the  index  5;^  divides  the  breadth  of  the  space  ee  into  two 
equal  parts ;  but  in  order  to  ascertain  the  circumstance  with 
greater  accuracy,  I  have  attached  to  the  rule  e^e^  a  plummet 
«'i*,  by  means  of  which  we  may  distinguish  the  slightest  de- 
viations of  the  index  from  the  perpendicular  direction." 
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Dr.  C5oa£es,  of  Philadelphia,  has  proposed  a  Hydiostatie 
Steelyard^  an  account  of  which  is  given  under  the  head  otSpecifie 
Gravity^  in  my  Common  Place  Book. 

Danish  BALANCE,  is  a  kind  of  balance  or  steelyard  in  com- 
mon use  in  many  parts  of  the  continent  of  Europe,  and  is  of  a 
i^ery  simple  construction.  It  is  thus  described  in  the  Eneyclo* 
pwdia  Britannka  (art.  Steelyard) :  *'  It  consists  of  a  batten  of 
hard  wood,  having  a  heavy  lump  K  (fig.  7.  pi.  VI.)  at  one  end, 
and  a  swivel  hook  h  at  the  other.  The  goods  to  be  weighed 
are  suspended  on  the  hook,  and  the  whole  is  carried  in  a  loop 
of  whipcord  f,  in  which  it  is  slid  backward  and  forward  till  the 
goods  are  balanced  by  the  weight  of  the  other  end.  The  weight 
of  the  goods  is  estimated  by  the  loop,  on  a  scale  of  divisions 
in  harmonic  progression.  They  are  mai*ked  (we  presume)  by 
trial  with  known  weights.^' 

It  would  seem,  then,  that  the  writer  of  the  article,  whence 
the  above  is  extracted,  was  not  aware  that  the  divisions  on  the 
Danish  balance  might  be  effected  by  a  method  purely  geome- 
trical :  yet  M.  Roemer  pointed  out  such  a  method  more  than  a 
century  ago,  in  Recueil  des  Machines  appr*  par  VAcad*  Hoy. 
Set.  tom.  1.  p.  80.  It  is  in  substance  as  follows:  Let  ac 
(figs.  7.  8.)  be  the  distance  between  the  point  a  from  which 
the  body  whose  weight  is  to  be  determined  is  suspended,  and  c 
the  centre  of  gravity  of  the  balance  when  the  weight  w  is  not 
attached  to  it.  From  the  point  c  draw  an  indefinite  line  CD, 
making  any  angle  acd  with  the  line  ac  on  which  the  divisions 
of  the  balance  are  to  be  marked;  and  through  a  draw  another 
right  line  an  parallel  to  on.  Set  off  any  equal  distances  cEy 
£F,  F6,  GH,  HI,  &c.  along  the  line  cd  ;  and  upon  an  set  off  the 
distance  ab  eoual  to  one  of  the  equal  distances,  as  ce,  upon  cd. 
From  B  as  a  nxed  point  draw  lines  be,  bf,  bo,  bu,  &c.  to  the 
several  points  of  division  on  cd  ;  and  they  will  intersect  the  line 
AC,  in  the  points  1,  ^,  3,  4,  5,  &c.  where  the  subdivision  marks 
ought  to  stand  in  the  balance,  fig.  7.  The  numbers  1,  2,  S,  4, 
&c.  fig.  8.  denote  so  many  times  the  actual  weight  of  the 
balance  audits  knobs,  independent  of  the  adventitious  weight  w. 
Thus  if  the  unloaded  balance  weigh  61bs.  the  distances  marked 
1,  2, 3,  4,  5,  &c.  in  fig.  8.  would  correspond  to  the  subdivision 
marks  6,  12,  18,  24,  SO,  &c.  in  fig,  7. 

M.  Roemer  has  not  demonsti*ated  the  truth  of  this  construe^ 
tion :  but  it  may  be  easily  shown  thus :  Let  w  be  the  weight  of 
the  balance  and  knob,  and  w  that  of  the  body  which  is  to  be 
ascertained  by  the  instrument.  Then,  when  the  point  of  sus- 
pension is  that  marked  1,  fig.  8.  we  have  in  the  triangles  abI, 
Ice,  the  sides  ab  and  ce  equal,  also  angle  baIz=1c£,  and 
b1a=:e1c;  therefore  these  triangles  are  both  equiangular  and 
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equilateral;  consequently,  Alnlc,  and  by  the  natures  of  the 
lev^,  and  the  centre  of  gravity,  W2zw,  Again,  in  like  manner 
when  the  point  of  suspension  is  2,  the  triangles  ab2,  2cf,  are 
equiangular;  and  since  Fcn^AB,  we  have  cS=^a^,  and  wi=2zr* 
jyo  also  the  triangles  ab8,  Sog,  are  equiangular ;  whence  be» 
cause  cg=3ab,  c^nSAS,  and  wzz^w;  and  so  on,  through  the 
whole  division.  - 

;  This  balance  has  been  described  more  on  account  of  its 
curiosity  than  actual  utility :  for  in  ascertaining  large  weights 
it  woula  be  extremely  cumbersome  and  difficult  to  manage.  In 
the  determination  of  weights  not  exceeding  twenty  or  thirty 
pounds,  it  might,  however,  be  rendered  very  manageable :  for 
It  might  be  about  the  length  of  an  exciseman's  rod,  or  a  walking- 
stick,  having  a  knob  of  lead  at  one  end;  and  in  this  case 
the  divisions  near  the  knob  might  be  so  numerous  as  to  enable 
a  person  to  weigh  accurately  to  quarters  of  pounds,  if  not  to 
ounces :  the  rod  might  be  moved  to  and  fro  upon  a  chair-back, 
or  the  edge  of  a  trussel ;  and  thus  this  instrument  might  often 
be  more  conveniently  used  than  a  spring  steelyard. 

Balance  of  a  Clock  or  WcUchy  is  that  part  whicH  by  its 
motion  regulates  and  determines  the  beats.  Tlie  circular  part 
bf  it  is  called  the  rim^  and  its  spindle  the  verge;  there  belong 
to  it  also  two  pallets  or  nuts,  that  play  in  the  fangs  of  the  crown- 
wheel :  in  pocket  watches  that  strong  stud  in  which  the  lower 
pivot  of  the  verge  plays,  and  in  the  middle  of  which  one  pivot 
of  the  crown-wheel  runs,  is  called  the  potence:  the  wrought 
piece  which  covers  the  balance,  and  in  which  the  upper  pivot 
of  the  balance  plays,  is  the  cock;  and  the  small  spring  in  the 
new  pocket  watches  is  called  the  regulator. 

The  motion  of  a  balance,  as  well  as  that  of  a  pendulum^ 
b^ng  reciprocating,  while  the  pressure  of  the  wheels  is  con- 
stancy in  one  direction,  it  is  obvious  that  some  art  must  be 
used  to  accommodate  the  one  to  the  other.  When  a  tooth  of 
the  wheel  has  given  the  balance  a  motion  in  one  direction,  it 
must  quit  it,  that  it  may  get  an  impulsion  in  the  op{>osite  di- 
rection. The  balance  or  pendulum  thus  escaping  from  the 
tooth  of  the  wheel,  or  the  tooth  escaping  from  the  balance,  has 
^ven  to  the  general  construction  the  name  of  scapement  among 
our  artists.     See  Scapement. 

Some  of  the  most  important  propositions  relative  to  watch 
balances  may  be  concisely  stated  as  follows:  1.  The  balance  of 
a  watch  is  analogous  to  the  pendulum,  in  its  properties  and  use^ 
The  simple  balance  is  a  circular  annulus,  e<jually  heavy  in  all 
its  parts,  and  eoncentrical  with  the  pivots  of  the  axis  on  which 
it  is  mounted.  This  balance  is  moved  by  a  spiral  spring  called 
the  balance  spring,  the  invention  of  Mr.  Hoqk. 
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8.  The  pendulum  requires  a  less  mamtaining  power  dum  the 
balance.  Hence  the  natural  isochronism  of  the  pendulum  t* 
less  disturbed  by  the  relatively  small  inequalities  of  the  nudn- 
gaining  power. 

'  8.  The  elastic  force  of  the  sfuring  which  impels  the  circum« 
ference  of  the  balance  is  directly  as  the  tension  of  the  spring  ; 
that  is^  the  weights  necessary  to  counterpoise  a  spiral  springes 
elastic  force^  when  the  balance  is  wound  to  different  distances 
from  the  quiescent  point,  are  in  the  direct  ratio  of  the  arcs 
through  which  it  is  wound. 

4.  The  vibrations  of  a  balance,  whether  through  great  or 
small  arcs,  are  performed  in  the  same  time.  For  the  accele. 
rating  force  is  directly  as  the  distance  from  the  point  of  quies- 
cence :  hence,  therefore,  the  motion  of  the  balance  is  analogous 
to  that  of  a  pendulum  vibrating  in  cycloidal  arches  (vol.  i.  art* 

'  5.  The  time  of  the  vibration  of  a  balance  is  the  same  as  if  a 
quantity  of  matter,  whose  inertia  is  equal  to  that  by  which  the 
mass  contained  in  the  balance  opposes  the  communication  of 
hiotion  to  the  circumference,  descnbed  a  cycloid  whose  length 
is  equal  to  the  arc  of  vibration,  described  by  the  circumference, 
the  accelerating  force  being  equal  to  that  of  the  balance. 

6.  The  times  of  vibration  of  different  balances  are  in  a  ratio 
compounded  of  the  direct  subduplicate  ratios  of  their  weights 
and  semidiameters,  and  the  inverse  subduplicate  ratio  of  the 
tensions  of  the  springs,  or  of  the  weights  which  counterpoise 
them,  when  wound  through  a  given  angle, 

7.  The  times  of  vibration  of  different  balances  are  in  a  ratio 
(impounded  of  the  direct  simple  ratio  of  the  radii  and  direct 
subduplicate  ratio  of  their  weignts,  and  the  inverse  subduplicate 
ratio  of  the  absolute  forces  of  the  springs  at  a  given  tension. 

8.  Hence  the  absolute  force  of  the  balance  spring,  the 
diameter  and  weight  of  the  balance  being  the  same,  is  inversely 
as  the  square  of  the  time  of  one  vibration. 

9.  The  absolute  force  or  strength  of  the  balance  spring,  the 
time  pf  one  vibration,  and  the  weight  of  the  balance  being  the 
same,  is  inversely  as  the  square  of  the  diameter, 

10.  The  weight  of  the  balance,  the  strength  of  the  spring, 
and  time  of  vibration  being  the  same,  is  inversely  as  the  square 
of  the  diameter. 

Hence,  a  larse  balance,  vibrating  in  the  same  time  with  the 
fame  spring,  wul  be  much  lighter  than  a  small  one. 

11.  If  the  rim  of  the  balance  be  always  of  the  same  breadth 
end  thickness,  so  that  the  weight  shall  be  as  the  radius,  the 
strength  of  the  spring  must  l^  as  the  cube  of  the  diaaet^ 
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«f  the  balance,  that  the  time  of  vibration  may  continue  the 
same. 

IS*  The  momentum  of  the  balance  is  incareased  better  by 
increasing  its  diameter  than  its  weight. 

18.  The  longer  a  detached  balance  continues  its  motion  the 
better. 

14.  The  greater  the  number  of  vibrations  performed  by  a 
balance  in  a  given  time^  the  less  susceptible  is  it  of  external 
agitations. 

15.  Slow  vibrations  are,  to  a  certain  extent,  preferable  to 
quick  vibrations:  but  there  is  manifestly  a  limit;  for  if  the 
vibrations  be  too  slow,  the  watch  will  be  uable  to  stop. 

16.  A  balance  should  describe  as  large  arches  as  possible, 
as  suppose  S40^  260^  300%  or  an  entire  circle. 

First,  because  the  momentum  of  the  balance  is  thus  in- 
(^reased ;  and  therefore  the  inequalities  in  the  force  of  the  main- 
taining power  bear  a  less  propoi:tion  to  it,  and  of  consequence 
will  have  less  influence,  ^ly.  The  balance  is  less  susceptible  of 
external  a^tations.  8dly .  A  given  variation  in  the  extent  of  the 
vibrations  produces  a  less  vanation  in  the  going  of  the  machine* 

But  car^  must  be  taken  that  in  these  ^eat  vibrations,  the 
spring  shall  nather  touch  any  obstacle,  nor  its  spires  touch  each 
other  in  contracting. 

17.  The  time  of  the  vibration  of  the  balance  is  increased  by 
heat,  and  diminished  by  cold.  First,  because  the  length  of  the 
spiral  spring  is  increased  by  heat,  and  therefore  its  force  dimi-^ 
nished ;  and  the  contrary  by  cold.  ^ly.  The  diameter  of  the 
balance  is  increased  by  heat,  and  therefore  also  the  time  of 
vibration  ;  and  the  contrary  by  cold. 

18.  That  balance  is  the  most  perfect  which,  without  the 
compensation  of  a  thermometer,  is  most  Subject  to  the  influence 
of  heat  and  cold.  Because  the  obstructions  m>m  oil  and  friction 
act  as  a  compensation  to  the  expansion  or  contraction  of  the 
spring  and  balance;   therefore  that  balance  which  is  most 

'  tmected  is  most  free  from  the  influence  of  oil  and  friction. 

I  19*  The  errors  in  the  going  of  a  watch,  arising  from  the 

change  of  temperature,  may  be  corrected  by  varying  the  length 
of  the  balance  spring.  Nevertheless,  as  it  is  extremely  difficult 
to  form  an  isochronal  spiral,  any  variation  in  its  length  is 
dangerous,  because  we  shall  thus  probably  lose  that  point 
which  determines  its  isochronism. 

20.  The  errors  in  the  going  of  a  watch,  occawoned  by  the 
variation  of  temperature,  may  be  corrected  by  varying  the 
diameter  of  the  biklance. 

.  This  may  be  efiected  by  a  peculiar  contrivance  which  has 
obtaiiied  the  name  of  the  expansion  balance^  being  composed 
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of  two  different  metals  which  possess  different  degrees  of  ex^ 
pansibility,  as  brass  and  steel,  for  instance ;  of  which  two  metak 
It  has  been  observed,  that  the  increase  of  dimensions  by  ex- 
pansioh,  in  hke  elevations  of  temperature,  is  nearly  as  2  to  K 
Tor,  according  to  Mr.  Smeaton's  experiments  (vol.  48,  Phil. 
Trans.),  the  corresponding  expansions  of  hard  steel  and  brass- 
wire  are  as  147  and  232,  the  expansions  being  occasioned  by  a 
change  from  a  medium  temperature  to  that  of  180^  of  Fahren- 
heit's thermometer.  One  of  the  most  approved  constructions 
of  aii  (expansion  balance  is  exhibited  in  pikte  VII.  and  is  thus 
described  by  Mr.  Nicholson :  The  outer  part  of  the  rim  is  brass,; 
and  the  inner  steel.  After  this  compound  rim  is  brought  to 
its  figure  by  turning,  it  is  cut  through  in  three  places  a,  b,  c, 
which  sets  one  end  of  each  third  part  of  the  periphery  at  liberty 
to  move  outwards,  when  the  temperature  is  diminished,  or 
inwards  when  it  is  increased.  i>,  e,  f,  are  three  similar  and 
equal  masses  of  metal,  fitted  upon  the  circular  bars  in  a  proper 
manner  to  admit  of  their  being  fixed  at  any  required  distance 
from  the  extremity,  where  the  motion  is  most  considerable* 
Gty  H,  I,  are  three  screws,  the  heads  of  which  may  be  set  nearer 
to,  or  further  from,  the  centre,  and  serve  as  weights  to  effect  the 
adjustments  for  position  and  rate.  The  pecuUar  advantage  of 
this  balance  may  be  explained  as  follows :  when  an  increase  o£ 
beat  diminishes  the  elastic  force  of  the  pendulum  spring  k,  the 
outer  brass  rim  being  lengthened  more  than  the  steely  must 
throw  the  weights  d,  e,  f,  nearer  to  the  axis,  and  diminish  the 
effect  of  the  inertia  of  the  balance,  which  consequently  is  as 
speedily  carried  through  its  vibraUon  a&  before.  And  oq  the 
contrary,  when  cold  weather  adds  to  the  elastic  force  of  the 
springy  the  same  weights  are  also  thrown  further  out,  and 
prevent  the  acceleration  which  would  have  followed*  The 
exact  adjustment  of  the  weights  is  found  by  trial  of  the  going 
of  the  machine :  if  it  gain  by  heat,  the  weights  do  more  than 
compensate,  and  must  be  moved  further  from  the  extreme  ends 
of  the  circular  compound  bars ;  but  if  the  gain  be  produced  by 
cold,  the  spring  predominates,  and  the  weights  will  accordingly 
require  to  be  set  further  out. 

BALLISTIC  PENDULUM,  an  obvious,  though  very  in- 
genious contrivance,  first  proposed  by  Mr.  Benjamin  Robins, 
for  the  purpose  of  ascertaining  the  velocity  of  a  cannon-balL 
The  contrivance  depends  upon  the  principle  explained  art  SIS 
of  our  first  volume  :^^The  block  of  wood  which  is  struck  by 
the  ball,  instead  of  being  left  at  liberty  to  move  straight  forward 
in  the  direction  of  the  ball's  motion,  is  suspended  like  the  weight 
of  the  vibrating  pendulum  of  a  clock,  by  a  strong  iron  stem 
(with  adequate  braces)  having  a  horizontal  axis  at  the  top,  on 
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the  ends  of  which  it  vibrates  freely  when  struck  by  the  boIL 
This  large  pendulum,  after  receiving  the  blow,  is  penetrated  by 
the  ball  to  a  small  depth,  and  by  reason  of  the  motion  com* 
municated  to  it,  oscillates  round  its  axis,  describing  an  arch^ 
which  is  greater  or  less  according  to  the  magnitude  of  the 
impulsion.  From  the  extent  of  the  arch  described  by  the 
vibrating  pendulum,  the  velocity  of  any  point  of  the  block  can 
be  readily  computed :  for,  from  the  extent  of  the  arch  and  the 
radius  of  description,  the  versed  sine  becomes  known ;  and  it  is 
well  known  that  the  velodty  with  which  the  body  that  describes 
such  an  arch  commences  its  motion,  is  the  same  as  the  velocity 
which  would  be  required  to  carry  the  body  vertically  through 
the  versed  sine  before  its  whole  motion  becomes  destroyed  by 
gravity.  This  velocity,  referred  to  the  centre  of  osdllation  of 
the  pendulum,  will  be  to  the  velocity  communicated  by  the  ball 
to  the  block  as  the  distance  of  the  centre  of  osdllation  from  the 
axis  of  suspension,  to  the  distance  of  the  point  of  impact  from 
the  same :  and  hence  the  velocity  of  the  hall  becomes  inferred^ 
from  the  consideration  that  it  and  the  pendulum  have  velocities 
inversely  as  their  masses.  Thus,  the  determination  of  the  very 
great  velocity  of  the  ball,  is  made  to  flow  from  the  measurement 
of  the  arch  described  by  the  pendulum  in  consequence  of  the 
blow  struck. 

'  Several  blocks  of  this  kind,  varying  in  weight  from  600  lbs. 
up  to  about  £5  cwt.,  were  constructed  and  employed  under  the 
direction  of  Dr.  Hutton,  for  the  pur{)ose  of  ascertaining  the 
iniual  velocities,  as  well  as  the  velocities  at  different  distances 
from  the  mouth  of  the  piece,  of  balls  weighing  from  1  to  6 
pounds.  The  minutiae  of  the  construction,  the  requisite  inves- 
tigations, the  practical  methods  of  determining  the  centres 
ot  gravity  and  oscillation,  and  the  arch  of  vibration,  as  well  as 
the  ample  detail  of  the  doctor's  most  valuable  collection  of  ex- 
perimentSy  may  be  seen  in  the  Sd  and  dd  vols,  of  his  "Tracts,^ 
published  in  181S. 

In  1815  a  ballistic  pendulum  weighing  7000  lbs.  and  serving 
for  experiments  upon  the  velocities  of  balls  propelled  from 
9,  IS,  and  even  £4  pounders,  was  constructed  in  the  Royal 
Arsenal,  Woolwich  :  the  frame  work  for  the  apparatus  is  buOt 
into  the  wall  of  a  suitable  edifice,  in  order  to  ensure  accuracy 
and  stability.  The  experiments  with  an  apparatus  of  this 
magnitude  nave  already  presented  some  curious  and  important 
results. 

BARE-MILL,  a  mill  constructed  for  the  purpose  of  grinding 
and  preparing  bark,  till  it  is  fit  for  the  use  of  a  tanner. 

Bark-mills,  like  most  other  mills,  are  worked  sometimes  by 
means  of  horses,  at  others  by  water,  and  at  others  by  wind. 
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One  of  tbe  best  niiUs  we  have  seen  described  for  these  pur* 
poses  is  that  invented  by  Mr.  Baguall  of  Worsley  in  Lancashire: 
this  machine  will  serve  nut  only  to  chop  bark,  to  grind,  to 
riddle  and  pound  it;  but  to  beam,  or  work  green  hides  and 
skins  out  of  the  mastering  or  drench,  and  make  them  ready  for 
the  ouse  or  bark  liquor ;  to  beam  sheepskins  and  other  skins 
for  the  skinner^s  use ;  and  to  scour  and  take  off  the  bloom  from 
tanned  leather,  when  in  the  currying  state.  The  nature  and 
connexion  of  the  different  parts  of  this  contrivance  may  be 
understood  from  the  three  figures  on  the  right-hand  side  of 
plate  VII.  together  with  the  following  description. 

Fig.  1 .  is  a  horizontal  plan  of  the  mill.  Fig.  S.  longitudinal 
section  of  it.     Fig.  3.  transverse  section  of  it. 

A,  The  water-wheel,  by  whidi  the  whole  machinery  is 
ivorked. 

fi,  The  shafts. 

C9  The  pit-wheel,  which  is  fixed  on  the  water-wheel  shaft 
39  and  turns  the  upright  shaft  e,  by  the  wheel  f,  and  works  the 
cutters  and  hammer  oy  tapets. 

D,  The  spur  and  bevil-wheel  at  the  top  of  upri^t  shafts. 

s.  The  upright  shaft. 

F,  The  crown-wheel,  which  works  in  the  pit-wheel  0. 

G,  The  spur-nut  to  turn  the  stones  i. 

.  p.  The  beam,  with  knives  or  cutters  fixed  at  the  end  to 
chop  or  cut  the  bark ;  which  bark  is  to  be  put  upon  the  cutters 
or  grating  i,  on  which  the  beam  is  to  fall. 

0,  The  tryal  that  receives  the  bark  from  the  cutters  f,  and 
conveys  it  into  the  hopper  h,  by  which  it  descends,  through  the 
shoe  J  to  the  stones  i,  where  it  is  ground. 

K,  The  spout,  which  receives  the  bark  from  the  stones,  and 
conveys  it  into  the  tryal  l  ;  which  tryal  is  wired,  to  sift  or  dress 
the  bark  as  it  descends  from  the  stones  i. 

M,  The  trough  to  receive  the  bark  that  passes  through  tbe 
tiyal  L. 

R,  The  hammer,  to  crush  or  bruise  the  bark  that  falls  into 
the  dish  s,  which  said  dish  is  on  the  incline,  so  that  the  hammer 
keeps  forcing  it  out  of  the  lower  side  of  the  said  dish,  when 
bruised. 

k,  A  trough  to  receive  the  dust  and  moss  that  passes  through 
the  tryal  a. 

T,  The  bevil-wheel,  that  works  in  the  wheel  d,  which  works 
the  beam-knife  by  a  crank  v  at  the  end  of  the  shaft  w. 

w.  The  penetrating  rod,  which  leads  from  the  crank  v  to  the 
start  X, 

Xj  The  start,  which  has  several  holes  in  it  to  lengthen  or 
shorten  the  strolce  of  the  beam-knife- 
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.    y^  The  shaft,  to  which  the  slide  rods  h,  h,  are  fixed  by  the 
starts  n,  n. 

h,  The  slide  rod,  on  which  the  knife y*  is  fixed ;  which  knife 
is  to  work  the  hides,  &c.  On  the  knife  are  two  springs  a*  a,  to 
let  it  have  a  little  play  as  it  makes  its  stroke  backwards  and  for- 
wards, so  that  it  may  not  scratch  or  damage  the  hides,  &c. 

Xf  Is  a  catch  in  slide-rod  A,  which  catches  on  the  arch-head  ^; 
and  the  said  arch-head  conveys  the  knife  back  without  touching 
the  hide,  and  then  falls  back  to  receive  the  catch  again. 

I,  The  roller  to  take  up  the  slide-ixxl  A,  while  the  bides  are 
shifting  on  the  beam  b  by  pulling  at  the  handle  m. 

bf  The  beam  to  work  the  hides,  &c«  on.  £ach  beam  has 
four  wheels  p^  p,  working  in  a  trough  road  g^  g^  and  removed 
by  the  levers  c,  c.  When  the  knife  has  worked  the  hide,  &c. 
sufficiently  in  one  part,  the  beam  is  then  shifted  by  the  lever  c 
as  far  as  is  wanted. 

d,  A  press,  at  the  upper  end  of  the  beam,  to  hold  the  bide 
fast  on  the  beam  while  working. 

^,  An  arch-head,  on  which  the  slide-rod  Ji  catches. 

j^  The  knife  fixed  on  the  slide-rod  h^  to  work  the  hides,  &c. 

iy  Cutters  or  grating  to  receive  the  bark  for  chopping. 

The  beam  p,  with  knives  or  cutters,  may  either  oe  worked 
by  tapers,  as  described,  or  by  the  beyil-wheel  x,  with  a  crank,  as 
y,  to  cut  the  same  as  shears. 

The  knifey  is  fixed  at  the  bottom  of  the  start,  which  is  fixed 
on  the  slide  rod  h ;  the  bottom  of  the  start  is  split  open  to  admit 
the  knife,  the  width  of  one  foot ;  the  knife  should  have  a 
gudgeon  at  each  end,  to  fix  in  the  open  part  of  the  start ;  and 
the  two  springs  a,  a,  prevent  the  knife  from  giving  too  mucb 
way  when  working ;  tne  knife  should  be  one  foot  long  and  four 
or  five  inches  broad. 

The  arch-head  e  will  shift  nearer  to,  or  further  from,  the  beam 
^,  and  will  be  fixed  so  as  to  carry  the  knife  back  as  far  as  is 
wanted,  or  it  may  be  taken  away  till  wanted. 

The  roller  I  is  taken  up  by  pulling  at  the  handle  m,  which 
takes  up  the  slide-rod  so  high  i$fi  to  give  head-room  under  the 
beam-knife.  The  handle  may  be  hung  upon  a  hook  for  that 
purpose.  The  slide-rod  will  keep  running  upon  the  roller  all 
die  time  the  hide  is  shifting ;  and  when  the  hide  is  fixed,  the 
knife  is  put  on  the  beam  again  by  letting  it  down  by  the  handle 
m.  There  may  be  two  or  more  knives  at  work  on  one  beam  at 
the  same  time,  by  having  different  slide*rods«  There  should  be 
two  beams,  so  that  the  workmen  could  be  shifting  one  hide,  &c« 
while  the  other  was  working.  The  beam  must  be  flat,  and  a 
little  on  the  slope.  Aa  to  the  breadth,  it  does  not  signify ;  the 
brqader  it  is  the  lens  shifting  <^  the  hides  will  be  wanted^  as  the 
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lever  c  will  shift  tbem  as  far  as  the  width  of  the  hide^  if  requii^. 
Mr.  Bagnall  has  formed  a  kind  of  press  d^  to  let  down,  by  a 
lever,  to  hold  the  hide  fast  on  each  side  of  the  knife  if  required, 
8o  that  it  will  suffer  the  knife  to  make  its  back  stroke  without 
pulling  the  hide  up  as  it  comes  back.  The  slide-rod  may  be 
weighted,  to  cause  the  knife  to  lay  stress  on  the  hide,  &c.  ac- 
cording to  the  kind  and  condition  of  the  goods  to  be  worked. 

Hides  and  skins  for  the  skinner's  use  are  worked  in  the  same 
way  as  for  the  tanners. 

Scouring  of  tanned  leather  for  the  currier's  use  will  be  done 
on  the  beam,  the  same  as  working  green  hides.  It  is  only 
taking  the  knife  away,  and  fixing  a  stone  in  the  same  manner  as 
the  knife  by  the  said  joint,  and  to  have  a  brush  fixed  to  go  either 
before  or  after  the  stone.  The  leather  will  be  better  secured 
this  way  than  by  hand,  and  much  sooner. 

The  whole  machinery  may  be  worked  by  water,  wind,  steam, 
or  any  other  power.  And  that  part  of  the  machinery  which 
relates  to  the  beaming  part  of  the  hides  may  be  fixed  to  any 
horse-bark-mill,  or  may  be  worked  by  a  horse  or  other  power 


BARKER'^S  MILL  is  a  kind  of  water-mill,  invented  by  Dr. 
Barker,  which  without  either  wheel  or  trundle  performs  the 
operation  of  grinding  corn.  This  mill  is  represented  in  fig.  3. 
pL  IV.  in  which  a  is  a  pipe  or  channel  that  brings  water  from 
a  reservoir  to  the  upright  tube.  The  water  runs  down  the 
tube,  and  thence  into  the  horizontal  trunk  c,  which  has  equal 
arms;  and,  lastly,  runs  out  through  holes  at  d  and  ^,  opening 
on  contrary  sides  near  the  ends  of  those  arms.  These  orifices 
4y  €9  have  sliders  fitted  to  them,  so  that  their  magnitude  may 
be  increased  or  diminished  at  pleasure. 

The  upright  spindle  d  is  fixt  in  the  bottom  of  the  trunk,  and 
screwed  to  it  below  by  the  nut  g ;  and  is  fixt  into  the  trunk  by 
two  cross  bars  aty*:  so  that,  if  the  tube  b  and  trunk  c  be  turned 
round,  the  spindle  D  will  be  turned  also. 

The  top  of  the  spindle  goes  square  into  the  rynd  of  the  upper 
mill-stone  h,  as  in  common  mWs ;  and  as  the  trunk,  tube,  and 
spindle  turn  round,  the  mill-stone  is  turned  round  thereby.  The 
lower  or  quiescent  mill-stone  is  represented  by  i ;  and  k  is  the 
Hoor  on  wnich  it  rests,  in  which  is  the  hole  l  to  let  the  meal  run 
through,  and  fall  down  into  a  trough  which  may  be  about  m. 
The  hoop  or  case  that  goes  round  the  mill-stone  rests  on  the 
floor  K,  and  supports  the  hopper,  in  the  common  way.  The 
Jower  end  of  the  spindle  turns  in  a  hole  in  the  bridge-tree  of, 
which  supports  the  mill-stone,  tube,  spindle,  and  trunk.  This 
tree  is  moveable  on  a  pin  at  h,  and  its  other  end  is  supported  by 
an  iron  rod  n  fixed  into  it,  the  top  of  the  rod  gohig  through 
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the  first  bracket  o,  and  having  a  screw-nut  o  upon  it,  above  the 
bracket.  By  turning  this  nut  forward  or  backward,  the  mill- 
atone  is  raised  or  lowered  at  pleasure. 

Whilst  the  tube  b  is  kept  full  of  water  from  the  pipe  a,  and 
the  water  continues  to  run  out  from  the  ends  of  the  trunk,  the 
upper  mill-stone  h,  together  with  the  trunk,  tube,  and  spindle, 
turn  round.  But  if  the  holes  in  the  trunk  were  stopt,  no  mo^ 
Uoa  would  ensue ;  even  though  the  tube  and  trunk  were  full  of 
water.  For,  if  there  were  no  hole  in  the  trunk,  the  pressure 
of  the  water  would  be  equal  against  all  parts  of  its  sides  within. 
But  when  the  water  has  free  egress  through  the  holes,  its 
pressure  there  is  entirely  removed :  and  the  pressure  agfdnst 
the  parts  of  the  sides  which  are  opposite  to  the  holes  turns  the 
naacnine. 

Mr.  James  Rumsey,  an  American  gentleman,  has  rather  im- 
proved this  machine,  by  conveying  the  water  from  the  reser- 
voir, not  by  a  pipe  as  adb,  in  great  part  of  which  the  spindle 
turns,  but  by  a  pipe  which  descends  from  a,  without  the  frame 
LN>  till  it  reaches  as  loMr,  or  lower,  than  g  ;  and  then  to  be  con- 
veyed by  a  curvilinear  neck  and  collar  from  g  to  ^,  where  it 
enters  the  arms,  as  is  shown  by  the  dotted  lines  at  the  lower 
part  of  the  figure.  A  like  improvement  was  made  by  M. 
Se^er,  a  German. 

.  Most  of  the  authors  who  have  attempted  to  lay  down  the 
theory  of  this  mill  have  fallen  into  error :  the  most  ingenious 
theory  we  have  yet  seen  is  by  Mr.  fVm.  Waring,  (given  in  the 
jimerican  TranaaciionSy  vol.  iii.);  which,  with  some  such  cor- 
KotioDs<u.  appeared  necessary  to  adapt  his  rules  to  practical 
purposes,  is  nearly  as  loUows : 

1.  The  first  inquiry  relates  to  the  magniivde  of  the  pipe 
which  conveys  the  water  from  the  reservoir  to  the  centre  of  the 
horizontal  tube  ed^  at  g.  To  this  end,  let  A=:the  area  of  the 
orifice  by  which  the  water  is  admitted  at  g\  ftzzthe  perpen- 
dicular height  of  the  surface  of  the  water  in  the  reservoir  above 

;  d^ihe  vertical  depth  of  any  horizontal  section  of  the  pipe 

low  the  same  surface;  s=:the  surface  or  area  of  the  bori'" 
zontal  section  of  the  pipe,  at  the  depth  d.  Then  since  the 
areas  in  the  several  parts  of  the  pipe  stiould  be  inversely  as  the 
velocities,  and  the  velocities  (art.  4399  <^i'*  ^*  ^^*  ^O  ^^'^  ^^  ^^ 
subdu  plicate  ratio  of  the  depths  below  the  head,  those  areas 
must  be  inversely  in  the  subduplicate  ratio  of  the  depths ;  con- 
sequently,—  =:  -—J,  and  r=:a  a/-^.  So  that  the  pipe  must 
have  its  bore  increased  from  the  level  of  ^  upwards  in  the  ratio 
of  1  Xjo  »y  -y\  and  if  a  section  in  any  part  be  less  than  would 


fel 
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be  assigned  by  this  ratio,  the  water  will  be  obstructed  in  its 
passage. 

2.  Of  the  initial  force  rdih  which  the  machine  commences  iti 
motion.  If  we  conceive  the  water  pressing  in  the  tube  from  £f 
towards  e,  previous  to  the  opening  of  the  aperture,  there  will 
manifestly  be  no  motion  occasioned ;  because  the  forces  on  the 
opposite  sides  of  the  tube  balance  each  other,  and  the  force 
against  the  end  c  is  resisted  by  the  fixed  axle  Dg*,  or  if  we  con- 
sider both  arms,  it  is  balanced  by  the  equal  ibrce  acting  upon 
the  equal  end  at  d,  in  an  opposite  direction*  But  if  one  of  the 
apertures,  as  d  (its  area  being = a),  is  opened,  the  pressure  upon 
that  portion  of  the  tube  is  token  away,  and  the  equal  and  oppo« 
site  pressure  upon  an  equal  portion  of  the  contrary  side  of  the 
tube,  having  now  nothing  to  keep  it  in  equilibrio,  tends  to  move 
the  arm  eg  about  the  axis  Dg :  in  like  manner  when  the  aper- 
ture e  (also  =ra)  is  opened,  the  pressure  which  was  previously 
counterbalanced  by  the  opposite  pressure  on  the  orifice  e^  now 
exerts  its  tendency  to  produce  a  rotatory  motion  about  the  axis 
Dg :  so  that,  combining  together  the  effects  of  both  these  ud« 
balanced  pressures,  and  considering  that  the  pressure  of  watet 
upon  any  point  is  proportional  to  the  depth  of  that  point  below 
the  upper  surface  of  the  fluid,  we  shall  have  2ahWj  for  the  force 
which  causes  the  rotatory  motion  to  commence ;  the  values  of  a 
and  h  being  taken  in  feet,  and  w  representing  62^  lbs.  avoir- 
du][)ois,  the  weight  of  a  cubic  foot  of  water.  But  as  the  velocity 
of  rotation  increases,  the  pressure  depending  upon  the  relative 
velocities  of  the  water  and  the  sides  of  the  tube  dinnnishes,  and 
consequendy  the  power  is  diminished,  notwithstanding  what  is 
gained  by  that  which  we  now  proceed  to  consider. 

3.  The  centrifugal  force.  This  may  be  found  in  a  similar 
manner  to  that  which  was  adopted  when  considering  the  theory 
of  the  centrifugjal  pump  (art.  537,  vol.  I.);  Thus,  if  besides  the 
preceding  notation  we  take  /  for  the  length  of  each  arm  gd^  ge^ 
t  for  the  time  of  rotation,  g  for  3^^  feet,  the  measure  of  the 
force  of  gravity,  and  ir  for  3141593;  since  a  is  the  section  o£ 
the  flowing  water  at  right  angles  to  its  motion,  we  shall  have,  by 

proceeding  as  in  the  article  just  referred  to,  -^  =  the  length 

of  a  column  of  water,  whose  pressure  is  equal  to  the  centrifugal 

force,  or  ^^^  =  76'70625---  the  weight  of  a  column  of  watef 

in  lbs.,  which  is  equivalent  to  the  centrifugal  force  of  the  fluid 
in  both  arms.  And  this  is  equivalent  to  the  augmentation  of 
power  at  the  apertures,  because  fluids  press  equally  in  all  di- 
rections. 
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4.  The  inertia  of  the  fluid  greatly  counteracts  the  effects  of 
the  centrifugal  force.  Tne  inertia  of  the  rotatory  tube  with  the 
contained  fluid  would  not  continue  to  resist  the  moying  power 
after  the  velocity  became  uniform,  were  the  same  fluid  retained 
in  it  as  wiE»  in  it  when  the  motion  was  first  imparted :  but  as 
this  passes  off»  and  there  is  a  continual  succession  of  new  matter 
acquiring  a  motion  in  the  direction  of  the  rotation,  there  mast 
be  a  constant  re-action  a^inst  the  sides  of  the  tube,  equal  to  the 
communicating  force.  -Now  this  re-action  is  very  difierent 
from  that  of  a  fluid  confined  in  the  tube,  when  it  begins  to 
move ;  because  a  particle  at  the  extremity  of  the  tube  is  not  to 
receive  its  whole  circular  motion  there,  but  gradually  acquires 
it  by  a  uniform  acceleration  during  its  passage  along  the  tube : 
so  that  we  must  here  inquire  what  force  will  give  to  the  quantity 

of  water  elw^  in  the  time  —  of  its  passing  through  its  respective 

horizontal  arm,  the  velocity  ~^,  in  the  direction  of  the  aper- 
ture.    Managing  this  according  to  the  rules  given  for  forces 

•      -.u     Tk  •  u  11   u  12-273afe  8-0208  in^oiro 

m  the  Dynamics,  we  shall  have j 'X  — g —  =:  19'6878 

— ,  for  the  resistance  in  lbs.  opposed  to  each  arm,  such  resistance 

b^ng  estimated  as  if  accumulated  at  the  distance  \l  from  the 
centre  of  motion. 

6.  Acquired  'velocity  of  the  water.  According  to  the  theory  of 
Hydraulics,  the  velocity  of  water  issuing  through  an  aperture  at 
the  depth  A  below  the  upper  surface  of  a  reservoir  is  expressed 
by  80208  a/A, ^hich,  when  reduced,  in  conformity  with  the 
experiments  of  Bossut  and  others,  becomes  &  Vh  very  nearly ; 
and  this  is  the  velocity  of  the  water  passing  out  of  the  tubes  at 
the  commencement  of  the  rotation.     Then,  as  \/{^dhw) :  5  Vh 

:  :  A/(2flAa;+76-70626  J)  :  6  a/(A  +  88-35312  ^ )   =    6 

,/{h  +  •61865— )nx;,  the  acquired  velocity  of  the  water. 

6.  Ratio  of  the  central  force  to  tJie  inertia.  This  will  be  as- 
certained  by  substituting  for  v  in  the  expression  19*6878—  its 

value  just  found;  so  that  we  have  98439-jr  ^  y^ ('61365  + 
^)  for  the  inertia,  while  the  centrifugal  force  is  measured  by 
76-70625  ^.    Now  we  find  that  7670625  ^  :  98-439  ^  X 
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^(•61366+  ^) : :  1 : 1-2833  /(-eiSeS-j-^),  or  as  1  : 
^(1  -I _ — )  very  nearly ;  which  is  the  ratio  of  the  power 

gained  by  the  centrifugal  force  to  the  obstruction  arising  from 
inertia.  Whence  it  appears  that  the  lattdi*  is  greater  than  the 
former,  except  when  ^=0,  A=0,  or  Z=qo,  cases  never  occur- 
ring in  practice;  and  that  the  longer  the  arms,  the  less  the  fall 
of  water,  and  the  greater  the  velocity  of  rotation^  the  nearer 
these  forces  approach  to  the  ratio  of  equality. 

6.  Adjustment  of  the  parts  and  motion.  Here  it  must  be  par- 
ticularly observed,  that  the  centrifugal  force  should  not  exceed 
the  gravity  of  the  water  revolving  in  the  arms  gd^  ge :  for  iii 
that  case  tne  water  would  be  drawn  into  the  tube  faster  than  it 
could  be  naturally  supplied  at  its  entrance,  by  the  velocity 
proper  to  that  depth,  and  of  consequence  a  vacuum  must  be 
occasioned :  nor  should  the  velocity  of  the  apertures  be  greater 
than  half  that  of  the  water  through  them;  for  the  apertures 
being  still  adapted  in  point  of  magnitude  to  the  velocity,  the 
effluent  quantity  or  number  of  acting  particles  is  as  the  time, 
the  momentum  is  in  the  simple  ratio  of  the  relative  velocity,  and 
therefore  (art.  47?,  cor.  3.  vol.  I.)  the  greatest  effect  will  be 
produced  when  the  velocity  of  the  apertures  is  equal  to  half  that 
due  to  the  head  of  water.  These  two  conditions  expressed 
algebraically  will  furnish  the  equations, 

76-70625  ^  =  2alw ....  ^zz\.  >v/(A+/) : 

from  which  equations  we  deduce  the  following, 

{A  =  9^9345/  =:  151446^* 
I  =  1.6296^2    -.  .1076A 
t  -  v'-61365Z  =  V06603^. 

Whence  it  appears  that  h,  I,  and  /^,  are  nearly  in  the  constant 
ratio  of  15,9^,  and  1. 

Still  it  should  be  observed  that  while  /  and  t  are  preserved 

in  a  constant  ratio,  the  values  of  76-70625  — ,  and  of  12-213—, 

i.  e.  of  the  central  force  and  of  the  inertia,  must  remain  the 
same :  so  that  the  brachia  may  be  made  of  any  length  at  plea- 
sure (not  less  than  '1076*)  if  the  time  of  revolution  be  taken 
in  a  corresponding  proportion,  or  so  that  the  velocity  of  the 
apertures  undergo  no  variation,  which  will  be  ensured  by. 
making  tzzV  61365/:  for  a  double  or  triple  radius,  revolving 
in  a  double  or  triple  time,  or  with  half  or  a  third  the  angular 
velocity,  has  the  same  absolute  velocity  at  the  extremit}' ;  and, 
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With  the  same  power  there  applied,  will  produce  the  same  effect. 
Hence, 

7.  The  momng  force  and  vdoeUy  of  the  muchinej  when  the 
effect  is  a  mcuvimum,  may  be  found.    For,  if  we  put  *6l86d/  for 

^,aBd  9-^9345/  for  h  in  the  expression  yT  (1  +  1:515?^)  it 

becomes  \/  (1  +  3)= 2  ;  in  which  case  the  resistance  of  inertia  is 
just  double  the  central  force,  or  the  gravity  of  the  water  in  the 
tube=:125a2,  which  taken  from  the  impelling  force  leaves  6^*5 
{ah  +  I)  -  125a/  =  62-6a  (A-/)  ==  5577 Bah  lbs.  avoirdupois 
=  the  real  moving  force,  at  the  distance  of  the  centres  of  the 
apertures  from  the  centre  of  motion,  /  being  taken  =  '1076h, 
And  by  a  like  substitution  the  velocity  i\/{hi-l)y  becomes 
|.^/(l•1076/^=2•63i^06v' A)  feet  per  second. 
.  8.  Area  qf  the  (wertures:  If  a  =  the  area  of  a  section  of 
the  race  perpendicular  to  the  direction  of  its  motiony  v  =  its 
velocity  per  second,  both  in  feet,  a  and  A  as  before ;  then  it 

will  be  Av  s=  10a  v'  (A +  -61865-^)  cubic  feet  =  the  quan- 

tity  of  water  emitted  per  second,  by  both  apertures ;  hence  a= 
_AV_  ^  •070066AvVft   ^j^^  ^^  p  ^^  ^^^  ^j.  ^j^^  ^p^^. 

14-2722VA  h  ^  r     r      .  .  tr 

tures. 

From  the  preceding  investigation  we  may  deduce  the  follow- 

■•  ...» 

.        ■•       •  ... 

EA8¥   PRACTICAL   RULES. 

U  Make  eadi.  arm  of  the  horigontal  tube,  from  the  centre  of 
motion  to  the  ceptee  of  the  aperture,  of  any  convenient  length, 
not  less  than  ^  of  the  perpendicular  height  of  the  water's  surface 

%  Multiply  the  length  of  the  arm  in  feet,  by  -61365,  and. 
take  the  square  root  of  the  product  for  the  proper  time  of  a  re* 
volution  in  seconds ;  and  adapt  the  other  parts  of  the  machmery 

1x>  this  velocity :  or,  ,  .  i      i 

3.  If  the  time  of  a  revolution  be  given,  multiply  the  square 
of  this  time  by  1-6296  for  the  proportional  length  of  the  arm  m 

teet* 

4.  Multiply  together  the  breadth,  depth,  and  velocity,  per^ 
flecond  of  the  race,  and  divide  the  last  product  by  1427  time* 
the  square  root  bf  the  height,  for  the  area  of  either  aperture  : 
or,  multiply  the  continual  product  of  the  breadth,  depth,  and 
velocity,  of  the  race,  by  the  squard  root  of  the.height,  and  by  the 
decimd  -07;  the  last  product,  divided  by  the  height,  will  give 
the  area  of  the  aperture. 

VOL.  II.       - 
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£.  Mf^ii^jf  thff  areft  of  i^ith^r  apertdre  by  the  h^ht  of  the 
head  of  water,  and  the  product  by  56-775  (or  56Ibs*),  for  the 
movias;  forc^,  esUxaated  a^  the  oentres  i^  the  aperture^  in  pounds 
avoifdupoist. 

Q.  The  power  a^d  velocity  at  the  apertures  may  be  easily  re- 
duced to  any  part  of  the  machinery,  oy  obvious  rules. 

BAROMETER,  a  well-known  instrum^it  for  measuring  the' 
weight  or  pressure  of  the  atmospheie,  and  the  variations  that 
ha]!H)en  th^ein,  in  order  to  indicate  thechUnges  in  the  weather, 
4^  tne  changes  in  vertical  distance  fVom  any  pcnat  upon  the 
earth^s  surface. 

We  shall  here  describe- a  few  of  the  most  useful  constructions^ 
ef  the  barometer,  and  shall  begin  with 

The  Common  BaromeUr.  This  is  represented  «t  fig.  1.  plate 
yil.  such  as  it  was  invented  by  Torricelli.  ab  is  a  glass  tube^ 
of -^y  or  j^,  or  1^  inch  wide,  the  more  the  better,  and  about  34 
inches  longi  being  elose  at  the  top  a,  and  the  open  end  b  im- 
mersed in  a  ba$in  of  quicksilver  cd,  which  is  toe  better  the 
wider  it  is.  To  fill  this,  or  any  other  barometer,  take  a  dean 
new  glass  tube,  of  the  dimensions  as  above,  and  pour  into  it  well- 
purified  quicksilver,  with  fi  small  funnel  either  of  glass  or  paper^ 
in  a  fine  continued  stream,  till  it  wants  about  half  an  inch  or  an 
inch  of  being  full ;  then»  stopping  it  close  with  the  fipger,  invert 
it  slowly,  and  the  air  in  the  emptv  part  will  ascend  gradually  to 
the  other  end,  collecting  into  itself  such  other  small  air  bubbles 
as  unavoidably  get  into  the  tube  and  mix  with  the  mercury, 
in  filling  it  with  tne  funnel :  and  thus  c0Btiaue  to  invert  it  se- 
veral, times^  turning  the  two  ends  alternately  upwards,  till  all 
the  air  bubbles  are  collected,  and  biought  up  to  the  c^n  end 
•f  the  tube,  and  till  the  part  filled  shall  appear,  without  apeck^- 
fike  a  fine  polished  steel  rod.  This  done,  pour  a  little  mm« 
quicksilver,  to  fill  the  empty  part  quite  full,  and  so  exclude  all 
au-  from  the  tube  :  thea,  stopping  the  orifice  agieJn  with  .the 
finger,,  invert  the  tube,  and  immerse  the  finger  and  end,  thust 
stopi)ed,  into  a  basin  of  like  purified  quicksilver.  In  \km 
position  withdraw  the  finger ;  so  shall  the  mercury  descend  ia 
the  tube  to  some  place,  as  h,  between  9&  and  81  mches  above 
that  in  the  basin  at  f,  as  these  are  the  limits,  between  which 
it  usually  stands  in  this  country  on  the  common  surface  of  the 
earths  Then  measure,  from  the  surface  of  Ae  quicksilver  in 
the  basdn  at  f,  ^  inches  to  k,  and  31  inches  to  l,  dividing  the 
Qpace  between  them  into  inches  and  tenths,  which  are  marked 
oh,  a  scale  placed  against  the  i^de  of  the  tube ;  and  the  tentlH. 
are  subdivided  into  hundi*edth  parts  c^  an  indh  by  a  sliding 
index  carrying  a  vernier  or  nonius.  These  3  inches,  between 
S8  and  31,  so  divided;  will  answer  for  all  the  ot^uassyi  porposea 


tt  a  sMuNiaf y  dr  chamber  barometer ;  but  fi^r  «x{)eriinents  <^ 
Idtitodes  and  d^ths  it  h  proper  to  have  the  dm^ond  carried  oil 
a  little  hmhdr  up,  and  a  great  deal  lower  dd^^n.  In  the  propef 
filling  and  oth^wise  fittmg  op  of  the  barometer,  sevetat  cir^utii- 
ttanees  are  to  be  carefully  noted ;  In,  that  the  hette  of  the  tube 
b^. pretty  wide,  to  allow  the  freer  motion?  of  the  qiiiokdihiei'^ 
without  being  impeded  by  aa  adfaenon  to  tbe  siden ;  tibat  the 
banit  below  it  be  dso  tolerably  larse^  in  order  that  the  «iifhc6 
«f  tbe  mercury  at  F  may  not  sensimv  rise  or  fidi  with  that  in  the 
tobe;  that  tbe  bottom  of  the  tube  be  cut  off  rather  obliquely^ 
so  that  when  it  rests  on  the  bottom  of  the  ba«n  there  may  be  ji 
free  passage  for  the  qiiicksiiTer;  and  thaty  to  bate  die  quick-* 
silver  very  pure,  it  is  best  txy  boil  it  in  the  tube^  which  will 
cxpet  all  the  aii*  from  it.  Thk  bafometer  is  commonly  fitted 
up  IB  a  neat  rndbogany  ease,  together  with  a  thenuomeier  andl 
hygrometer.  ^ 

^  As  the  scale  of  vatiation  is  Mfedl  in  the  oommon  bimN 
meter^  being  not  mxae  thaa  8  inches^  sevend  oonlmanoes  faav^ 
been  devisra  lo  enburge  die  scab,  or  ta  render  the  motion  of 
&e  ouidksilver  moir e  perceptiUe*  Among  the  best  of  these  is' 
tjiat  Known  by  the  name  ot  Diagonal  BaromeiiTf  reprei^iitedl 
m  iig.  2.  where  abc  is  a  tube  henaieti^Miliy  sealed  at  0,  and 
immersed  in  a  basin  of  mercury  at  a«  This  tube  ts  ^^ 
imKlioubMr  ftou  a  to  b,  wbere  tbe  scsie  of  variation  be^ns, 
Mt  ia:  thfflpe  bent  into  the  form'  bc,  makikigan  acute  angle  fbcv 
This  port  BC  extends  to  the  highest  liimt  in  the  seated  varia- 
^^ooy  vt2.  7C ;  a»i  consequently  while  tbe  marcnrt  xiseS'  fi^m  Xr 
to  %.iB  the  common  barometer,  it  will  nftyve  m  tnis  from  9  id 
e,  enis^^ng  the  scale  of  vniiatioB  in  tbe  pr(q)oii80n  c£  ^c  tc^ 
194  diatisy  of  die  diagonal  to  ^^  ^^^^  ^^  ^  tfaefMrdtdo^ 


But  this  barometer  is  attended  with  onie  gt^t  ioconveniettCe^ 
which  lessens  its  utility.  Quicksiker  bmg  a  verjp  heavy  body, 
and  supported  aa  the  part  bc,  fbrmiuff  an  inehned  |»an\?,  it 
mitst  have:  a  very  considerable  deg^'ee  of  friction,  which'  will  he 
inasesBed  in  pioportion  as  the  part  bc  is  moi«  oblique ;  andf 
oonseqoendy  tbe  very  small  and  nice  vAriadon  of  the  lUifA 
pressure  canned  be  so'  aoeurately  indicated  in  this^  as  in  the' 
coaamon  form.  It  also  very  often  happens,  from  the  indina-^ 
lion  of  the  part  bc,  that  the  quicksilv^  dittdes  into  sefver^ 
parts,  and  thence  frequently  requires  the  trouble  of  Te-fflliog^ 
the  tube.    Tl^i.bflxameter  was  mventcd  By  Sir  Samuel  More- 

fand. 

S.  Casdni  invented  anolher  k*md  of  barometer,  in  <A:der  to 
esiMgs  ihe  scale  of  varai^ion  ;>  ah  invention  whidi  'wa%  l^ter- 
w!ar<£c<Hn{det^  by  M.  John  Bernoulli.    It  consists  of  a  tube- 
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AeDF(Gg.  3.)  herinetically  sealed  at  a,  and  bent  to 'a  right 
fingle  at  D ;  whence  it  has  acqmred  the  name  of  the  horizontal 
reetapgular  barometer.  The  mercuiy  stands  in  both  the  1^;8 
from  £  to  B  ;  the  scale  of  rariation  from  a  to  c  is  made  in  a 
larger  part ;  and  it  is  evident^  that  in  moving  three  inches  from 
A  to  c  it  will  move  through  so  many  times  three  inches  in,  the 
sm^U  leg  DF  as  the  bore  of  df  is  less  than  the  bore  of  AC ; 
whence  the  motion  of  the  mercury  at  e  must  be  extremely  sensi- 
ble. .  But  the  inconvenience  here  too  is,  that  the  mercury  is 
very  apt  to.break  off  in  the  leg  e,  as  well  as  to  run  out  at  th^  end 
9.  Here  is  also  a  great  d^ree  of  friction,  and  at  the  same  time 
the  attraction  of  cohesion  wiU,  from  the  smallness  of  the  bore  df, 
impede  the  free  motion  of  the  mercury.     .  ...     , 

:  4..  The  Pendant  Barometer  IS  made  in  another  form^  consisting 
of  a  single  tube  suspended  by  a  string  fastened  to  the  end  a 
^fig.  4.)  This  tube  is  of  a  conical  or  tapering  form,  the.  end  a 
h^g  9  little,  less  than :  that  at  b1  It  is  hermetically,  sealed  at  a, 
and  filled  with  mercury:  then  will  the  mercury  ank  to  its  com- 
mon station,  and  admit  a  length  of  altitude  cd,  the  same  with 
that  in  the  common  barometers.  But,  from  the  eonical  bore  of 
the  tube,  the  mercury  will  descend  as  tbe  air  becomes  hghter^ 
till  it  Beaches  its  lowest  altitude,  when  the  mercury  will  stand 
from  the  lowest  part  pf  the  tube  b  to  e  ;  so  that  iE=28  inches  :* 
atid  consequently  thejnereury  will,  in  such  a  tube,  move  from' 
A.to  E,  or.  3£  inches,  if  the  tube* be  five,  feet  long;  so  that  the 
scale  AE  may  here  be  made  more,  than  10  times  greater  than* 
tb^t  of  the  common  barometer.  The  inconvenience  attending 
this-  barjometer  is,  that  as  the  tube,  must  be  made  of  a  very; 
WB^U  bore^  to.  pre  vent,  the  mercury  from  falling  out  by  an  acci^ 
ijental  shake,  the  friction  and  adhesion  to  the  sides  of  th&t^be 
prevent  that  freedom  of  motion  necessary  to  show  a  very-amalk 
variation  in  the  weight  of  the  air.  .:      .   .  J^    ' 

. '  ^.  Mr.  B<)wning  had  several  contrivances  for.  enlarging  the- 
sjjale,  and  that  in  any  proportion  whatever.  .  One  of  these  is; 
described  in  No.  427.  Phil  Trans,  and  has  now  obtained  the 
name  otRawninff's  Barometer :  it  is  represented  at  fig.  5.  where 
ABC  is  a  compound  tube,  hermetically  sealed  at.A,  and  open  at> 
c ;  rerapty  from  a.  to  d,  filled  with .  mercury  from  thence  to  b>; 
and  thence  to  e  with  water.  Hca-e,  by  varying  the  proportiena 
pf  the  two  tubes  af  and  fc,  the  scale  of  variation  may  be  chauffeA 
many  degree.         .;     .,    ^  .  , 

6.  Dr.  Hooke's  Wheel  Barometer  was  indented  Abo»tl668, 
^uT  *?  '^'^®wise  intended  to  render  the  alterations  in  the  state  of 
the  air  moi!e.  perceptible.  Here  the  barometer  tube  has  a  latee 
ball  AB  at.thetQp(fig.  9.  pi.  \H.\  and  is  bent  up  at  thelowen 
or  open  end,  where  an  iron  ball,  o,  floats  oh  the  top  .of  the 
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niercury  in  the  tube,  to  which  is  eonnected  another  ball,  h,  by 
a' cord,  hanging  freely  ove'r  a  pulley,  turning  an  index  kl  about 
its  centre.  When-  the  m^rdury  rises  in  the  part  fo  it  raises  the 
tell,  and  the  other  ball  descends  and  turns  the  pulley  with  the 
index  round  a  graduated  circle  from  n  towards  m  and  p ;  and 
the  contrary  way  when  the  quicksilver  and  the  ball  sink  in  the 
bent  part  of  the  tube.  Hence  the  scale  is  easily  enlarged  ten  or 
twelve  fold,  being  increa^  in  proportion  as  the  length  of  the 
itidex  exceeds  the  radius  of  the  pulley.  But  then  the  friction 
6i  the  pulley  and  axis  greatly  obstructs  the  free  motion  of  th6 
quicksilver.  Contrivances  to  lessen  the  friction  are  described 
ill  Phil.-  Trans,  vol.  52  and  60.  -In  Nicholson's  Journal,  No: 
9.  New  Series,  the  Rev.  James  Wilson  has  described  a  method 
of  increasing  the  sensibility  of  the  barometer,  arf  libitum^ 
which  is  very  ingenious;  but  need  not*  be  inserted'  here:  for 
this,  and  all  contrivances,  having  the  same  end  in  view,  are  not 
superior,  but  often  inferior,  to  the  common  barometer>  for 
all  philosophical  purposes;  and  that  for  a  reason  which  adniits 
of  no  reply.  Their  scale  must  be  determined  in  all  its  parts 
By  that  of  the  coiAmon  barometer ;  and,  therefore,  notwith^ 
jBtanding  their  great  range,  they  are  susceptible  of  no  greater 
accuracy  than  that  with  which  the  common  barometer  caw  be 
observed  and  measured.  And  besides  this,  these  compound 
Ibarometers  have  an  additional  source  of  error,  in  the  action  of 
Ckjhesion,  the  operation  of  friction,  &c*  So  that,  except  per- 
haps for  mere  chamber  purposes,  the  comnton  construction  of 
the  bammetek-,  with  a  nonius  applied  to  its  scale,  is  greatly  prei 
ferable;  and  our  -atteistion  efhould  be  entirely  directed  to  its 
improvement  and  portability.  im 

''  7.  This  leads  us  to  speak  of  the  construction  of  a  Portabm 
Barometer,  which  may  be  carried  from  one  place  to  another 
lirithout  being  rendered  unfit  for  use ;  and  is^  therefore;  ready 
to  be  adopted  at  all  times  in  the  mensuration  of  altitudes,  &c. 
in  this  barometer  the  end  of  the  tube  is  tied  up  in  a  leathern 
bag,  not  quitefull  of  mercury,  which  being  pressed  by  rtie  airjf 
fbrces  the  mercury  into  the  tube,  and  keeps  it  suspended  at  its 
height.  This  bag  is  usually  endosed  in  a  box,  through  the 
bottom  of  which  passes  a-  Sdrew,  by  whofie  means  the  mercury 
may  be  forced  up  to  thetop  of  the  ^ub^j  dnd  prevented  itota 
breaking  it  by  dashing  against  the  top  whfen  the  iiistrumem  ts 
removed  from  one  station  to  another.  Mr.  Patrick  was^  w<9 
believe,  the  first  who  made  a  contrivance  of  this  kmd ;  but  the 

Srtable  barometer  has  received  various  improvements  sinfee  by 
.^de  Luc,  Sir  Geo.  Shuckburgh,  Gen.«Roy,.Mr.  Rfimsden, 
Md  ofhfers.  ^  Fig.<  8:  pi.  Vli.  represents  this  instrument  as;en. 
ddsed  in  its  mahogany  cds©  by  meftrts  of  three  metaUie  nftgft 
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i,  b,  ^.  TUs  cflise  is  a  hoXiom  <x»ei  00  shaped  within  m  flCeadilf 
to  contain  the  bo4y  of  the  batometer,  ana  U  divided  into  thfer 
brandies  fipom  a  to  c,  forming  three  legs  or  supports  for  the  mf 
strament  when  db^ervations  are  makiog^  and  suiKaining  it  at 
fhe  part  g  of  the  ease ;  by  an  improv^kind  of  gimbals  as  it 
appears  in  fig.  6.  in  whidi  it3  own  weight  renders  H  sufficiently 
steady  at  any  time.  In  the  part  of  the  frame  agy  where  the 
barometer  tnbe  a^^ars,  a  long  slit  or  opening  is  mode,  so  that 
ihe  coluoEUi  oi  mercury  j»ay  te  seen  against  tne  Hgbt,  and  the 
Tenner  piece,  a,  brought  down  to  coincide  very  nicely  with  the 
^dge  pf  the  manniryf  When  the  instrument  is  fixed  in  its 
fitandy  the  screw  y  is  to  be  turned  to  let  the  mercury  down  to 
its  proper  position,  and  a  peg  at  p  must  be  loosened,  ioT  orde^ 
tlHit  the  external  air  may  be  admitted  to  act  upon  the  mercury 
contained  in  the  box  &  The  proper  adjustment  or  mode  of 
observing  the  zero  or  0  division  of  tne  column  of  mercury  is  bj 
observing  it  in  the  transparent  psgrt  of  the  box  d,  whi^  has  m 
glass  reservoir  for  the  quicksilver,  a^d  an  edged  piece  of  metal 
attached  to  the  external  part  of  it ;  with  the  ed^e  of  which  the 
mercury  is  to  be  brought  into  contact,  by  turmng  the  screw  ^ 
to  the  right  or  left,  as  oooasion  requires.  The  vernier  pece  at 
a,  which  determines  the  altitude  of  the  mercurial  column,  is 
first  brought  down  by  the  hand  to  a  near  contact,  and  then 
accurately  adjusted  bv  turning  the  screw  h  at  the  top.  The 
divisions  annexed  to  the  tube  ^  this  instrument  may  be  of  any 
^ind,  or  of  anv  decree  of  minuteness,  aeeording  to  tlie  purpose 
it  is  int^ided  to  serve.  To  accommodate  it  to  the  use  of  fo*' 
reigujers  as  well  as  the  English,  there  ore  commonly  added 
sciles  of  both  French  and  Engli^  uo^hes,  with  the  requisite 
t^bdivis^Oi  It  is  usual  to  plaiie  the  French  scale  of  mches 
rathe  right  side  at  off  firom  19  to  31  inches,  messured  from  the 
9eio  or  w^ace  of  the  mercery  in  the  box  b ;  each  inch  being 
divided  into  lines  or  ISfh  parts,  and  each  line  subdivided  by 
the  v^roier  into  10th  I¥nt8 :  so  that  the  length  of  the  memirid 
CQlumQ  may  be  determined  to  the  190th  part  of  a  French  iaoh» 
Tha  other  scaW*  which  is  pUced  on  the  left  side  of  tha  instnw 
loonty  is  divided  into  i^Oth  parts  of  incbei^  and  these  again  inti» 
9Stk  parts,  by  means  of  the  veKW ;  thus  moasurii^  to  jiOOtha 
vfw  Smlisb  inch :  and  the  divisions  oe  the  vernier  seole  oie 
nmrked  doubly  what  they  reotty  nre,  in  (xder  that  the  meosoree 
osa^  ba  exfnreosed  in  thousandth  pairts  of  an  ii»cb,  lor  the.  009* 
veaien^  of  Qolculatipa. 

To  this  instrument  a  thofinonieter  is  olww^s  atlaehed>  as  a 
necessary  amxendage;  being  fastened  to  thebod^  at «,  and  sunk 
into  the  surface  of  the  frame  to  preserve  itiirom  injury :  thede^ 
gvoi^  of  this  thermometer  are  generally  mark^  sp  oa  t«  ii^icat^ 
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die  divkionft  both  of  Fahraiheit^B  and  of  ne»i]iniir?£r  jBcaki 
(See  Thermomj&tbr*)  AI90  on  the  right  hmd  of  these  two 
8cales  IB  a  thirds  called  scale  of  correction,  with  the  words  add 
mod  9ubtr€bd  marked ;  thus  serving  to  show  the  ndceds^Mry  cxx^ 
reetion  of  the  deserved  akitude  of  the  mereuiy,  at  anj  glineii 
tetnpemture  of  the  air  indicated  by  the.  thermoinet>n*i 

A  rerj  considerable  improvement  in  the  construction  of  the 
portable  barometer  has  been  made  by  Sir  H.  C.  Englefield.  Id 
his  construction,  lightness,  firmness,  and  ease  of  appueation^  arti 
Mended.  The  barometer  tube  is  about  dd^  inches  in  length ; 
its  bore  one  tenth  of  an  inch  m  diameter,  and  the  external 
di«neter  three  tenths  of  an  inch.  The  cistern  is  of  bax^  per^ 
fectly  cylmdrical,  aii  inch  in  its  internal  diameter,  and  an  mcb 
in  depth.  A  short  stem  projects  from  its  top  (when  in  the  pcM 
ntixxi  for  dbservations),  to  give  a  firmer  hold  to  the  tube.  This 
item  has  a  perforation  sufficiently  large  to  admit  the  tub^^ 
which  is  glued  to  it  in  the  usual  way.  The  tube  rearii^t4» 
the  middle  of  the  depth  of  the  cylinder,  the  bottoih  of  which  ii 
dosed  by  a  screw-cap  and  leather.  This  tube  being  filled  and 
boiled  in  the  common  way,  and  the  instrunlent  held  inverted  ill 
a  perpendicular  ]K)sition,  mercury  is  poured  into  the  eistem  tdtl 
it  IS  filled  within  a  fifth  of  an  ihch  of  the  top  s  then  the  Ud  k 
firmly  screwed  00,  imd  secured  fl-om  being  opened  ^yy  a  small 
icrew  passing  through  its  sideL  The  end  of  the  tube  in  th^ 
eisteni  can  never  be  uncovered  fay  the  mercury  in  any  pos^bM 
position,  and  of  course  no  air  can  :ever  enter  it :  and  since  tb^ 
areaa  of  die  cistern  and  the  tube  are  as  the  squares  c£  the  dia^ 
nete^  it  may  easily  be  sbown^  tteit  the  mercury  must  &11  ISj^ 
inc&ea  before  the  cistera  is  quite  fttiU,  a  f^uice  snore  than  ademiatd 
to  the  meisttie  of  the  Inghilt  moontaiUs  on  the  earth«  When 
lhts4iarometer  is  iet  upri^t  the  atmotsphere  acts  upon  it  throu^ 
the  porcB  of  the  wood.  The  yanations  of  altitude  in  this  tn^ 
strument,  when  the  dimensions  are  as  above  stated,  will  be  gM 
BUie<y*£r9t  part  less  l^an  in  a  barometer  furnished  with  an  ap- 
pamitcM  for  Drmging  the  sfurface  of  the  mercury  in  the  cistern  iti 
a  fixed  level:  this  defect  might  bef  remedied  by  a  correspond^ 
€At  divisbli  of  the  scale ;  but  it  is.  much  more  oonvenient  t^ 
Avide  the  scale  to  real  inches  and  makie  the  necessary  ^o^-' 
aaee  in  the  results  This  barometer  is  mounted  in  a  iliahc^fiy 
tube  of  the  Me  of  a  waHung-stfck,  and  has  attached  a»d^  di^ 
tacbed  thermonsetenu 

For  the  obset^atkn  of  the  baght  of  the  mercury^  two  oppcv 
flittf  elite ave  eut  in  themakogatty  tidse,  reaching  from  about  89 
to  90  inches,  for  the  longer  scales,  or  froin  32  to  26  for  suctt 
as  «ate  intended^  to  be  used  ift  thi»  tsMV^ifi  The  fvont  slit  has 
il»  sid^  bev^Uedi^  and  is  exteriorly  about  i  et  an  inch  widef 
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havtDg.a  brass  plate  fixed  on  obe  side,  divided,  as  usual,  tb 
inches,  tenths,  and  twentieths*  On  this  plate  slides  a  nonius 
moveable.by  a  small  knob,  which  reads  otf'^  as  in  other  baro* 
meters,  to  the  500th  of  an  inch  :  to  tliis  nonius  is  attached  a 
small  portion  of  brass  tube,  which  embraces  the  barometer 
tube ;  Its  lower  edge  being  in  observation  made  a  tangent  to  the 
convex  surface  oi<  the  mercury,  as  in  other  well-constructed 
barometers,  and  the  very  narrow  slit  behind  furnishes  sufficient 
light  for  observation. 

:  When  Sir  Henry  proposes  to  make  an  observation,  about 
five  minutes  before  he  arrives  at  the  place  he  takes  out  the  de- 
tached thermometer  from  its  place  in.  the  end  of  the  mahogany 
tube,  holding  it  by  the  upper  end  at  nearly  arm^s  length  from 
his  body,  and,  if  the  sun  shines,  in  the  shade  of  his  person  :  it 
very  soon  takes  the  temperature  of  the  air,  and  is  not  siensibly 
ikfiected  by  the  heat,  of  tne  hand.  The  heat  being  observed  ancl 
written  down,  the  barometer  is  turned  up,  the  brass  tube  half 
filmed,  and  the  instrument  held  between  the  finger  and  thumb 
of  the  left  hand  above  the  slide,  so  as  to  let  it  hang  freely  in  a 
vertical  portion.  Sinjce  few  persons,  if  any,  have  siifnoient 
Readiness  of  hand  to  prevent  little  vibrations  m  the  mercury  in 
^bis  position,  the  hand  should  be  either  rested  against  any  fixed 
body,  or,  if  no  such  occurs,  by  kneeling  on  one  knee;  the  cis^ 
tern  should  be  let  .down  so  as  to  touch  the  ground,  the  left  hand 
boldiog  the  barometer  in  a  vertical  position,  which  a  little  prac- 
tice wiu  render  easy..  The  index  must  then  be  moved  by  the 
knob  till  its  under  surface  is  tangent  to  the  mercury :  and  a  few 
flight  taps  should  be  ^ven  to.  tne  tube,  to  ascertain  that  the 
mercury  is  fallen  as  low  as  it  can.  The  height  being  th^ 
yead  off  and  registered,  together  with  that  of  the  attadied  theC'* 
inometer,  the  brass  tube  is  turned  back  so  as  to  cover  the  slits, 
the  instrument  gently  inverted,  and  the  whole  is  finished  iii 
about  two  minutes. 

.  Sir  Henry  does  not  .detail  the  rules  by  which  the  altitude 
n^y  be  deduced  from  the  observations,  smce  these  havebe^i 
^ven  by  many  authors.  But  he  furnishes  a  table  which  indeed 
V»,engraven  on.  the  barometer,  that  will  enable  a  travelkr  to 
compute  altitudes  with  great  facility ;  the  results  not  deviating- 
fax  from  the  truth.  He  remarks  that  observations  with  a  single 
barometer  may  lead  to  tolerably  accurate  results;  and  states 
his  method  of  proceeding ;  which,  however,  nieed  not  here  be 
detailed.  The  weight  of  this  improved  barometer  does  not  fx- 
^eed  a  (xiund  and  a  half.  The  maker  is  Mr.  Jones,  of  Charing 
Cross. 

.  Several  minutiae  in  the  mechanical  construQtibn  of  these  in* 
struments  will  be  raorie  obvious  from  a  few  minUtes"  in^iectiolk 


than  liy  aAyAiKher  details  herd    The  rU)es;fol::tbeir:  tificf^ia 
the  ascertainiDg  of  altitudes  may  be  learnt  by  turmng  to.thci 
theoretic  part  of  this  work ;  .book  iv. 
'   BEAM  COMPASSES.    See  Compasses. 

BEER-n&AwiKG  MACHINES' are  contrivances  by  means  of 
-which  the  beer,  is  drawn  from  three  or  four  casks  at  once,  from 
cocks  standing  in  one  frame,  in  the  bar  of  a  tavern,  or  any^con- 
venient  place  above  a  cellar.  These  madiines  are,  nothing  else 
than  an  assemblage  of  small  pumps,  either  sucking  or  forcings 
whose  pipes  of  communication  are  attached  to  the  lower  parts 
of  the  respective  casks  from  which  the  liquor  is  drawn.  The 
motion  is  given  to  the  piston  sometimes  by  levers,  at  others  by^ 
cranks ;  most  frecj^uently^  we  believe,  by  means  of  a  hammer*; 
fimned  lever  movmg  in  a  vertical  plane.- 

BELLOWS,  an  instrument  constructed  for  the  purpose  o£ 
alternately  drawing  and  expelling  air.  In  the  common  culinary 
bellows  the  air  rushes  in  at  a  hole  or  holes  in-  the  bottom, 
called  feeders,  over  which  is  a  flapping  valve^-  and  is  expelled 
through  a  conical  pipe  called  the  nozzle^  by  means  of  a  kind  of 
mechanism  which  is*  too  well  known-  to  need  any  description 
here. 

It  is  not  the  impulsive  force  of  the  blast  that  is  wanted  in 
most  cases,  but  merely  the  copious  supply  of  air,  to  produce  the 
rapid  combustion  of  inflammable  matter;  and  the  service  would j; 
in  general,  be  better  performed  if  this  could  be  done  with  mo- 
derate velocities  and  an  extended  surface.  What  are  called 
ur-fuitiaees,  where  a  considerable  surface  of  inflammable  matter 
is  acted  on  at  once  by  the  current  which  the  mere  heat  of  th^^ 
expended  air  has  produced,  site  found  moi^  operative^  in  pr<>- 
poruon  to  the  air  expended,  than  blastrfurnaces  animatea.by 
oellows.  There  is,  indeed,  a  great  impulsive  force  required  ii^ 
some  cases;  as,  for  blowiog  off  thcf  scoriae  from  the  surface  of 
silver  or  cdpper  in  refining  furnaces^  or  for  keeping  a  cle^r  p4s^ 
sage  for  the  air  in  great  iron  furnaces.  But  in  general  we  can-i 
not  procure  this  abundant  supply  of  air  in  any  other  way  thai> 
by  giving^it  a  great  velocity  by  means  of  a  great  pressure  or  im^ 
pulse ;  the  air  is  admitted  into  a  very  lar^e  cavity,  an^  then 
ibrcibly  expelled  from  it  through  a  small  orifice. 

The  method  of  producing  a  continual  blast  by  a  centrifugal 
force  has  been  long  known,  being  mentioned  by  Agricola^  d^. 
Re  Meiallk^  lib.  6.  -p.  62.  But  the  first  bellows  aaing  upon 
this  principle^  of  whicn  we  recollect  a  distinct  account  amongst, 
the  moderns,  is  that  invent^  by  M.  T^al,  in  1729,  and  de-» 
scribed  in  the  Recueil  des  Machines  approuvees  paa-  FJca-- 
demk  Roy*  des  Sciences,  torne  5.  This  machine  is  represented 
in  fig.  7.  pi.  VIII.  where  AB4S  a  cubical  bpx,  with  a  top  rather 
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ttfched:  to  this  bent  ii  iEdapted a  hoOcnr  pynunoidal  fruftlQtti  c^' 
uiAbe  oxtreniity  of  which  is  the  tube  ot  nozzle  d  ;  the  eapadt^ 
of  the  pyramid  not  being  separated  from  that  cf  the  box.  Thtt 
box  contains  an  arbor  or  shaft  carrying  vanes,  as  gf,  ported 
horizontally,  and  which  are  here  placed,  as  it  were,  out  of  the 
box,  that  their  shape  and  number  may  be  seen.  The  ends  of 
the  arbor  run  in  a  proper  cdlar  on  each  side  of  the  boX|  and 
one  end,  as  P,  passes  through  the  side  of  the  box,  and  carries  a 
puUeT :  over  this  pulley  passes  a  cord  cft  band,  which  also  rund 
round  part  of  a  wheel  hi,  dtuated  at  some  distance  from  the 
bellows^  and  which  is  turned  by  the  handle  M.  Thus  it  will  be 
manifest,  that  as  this  handle  turns  the  wheel  hi,  it  will,  by 
means  of  the  band,  turn  the  pulley  f  and  the  arbor  and  vanes, 
with  a  velocity  which  will  be  to  ttmt  of  the  wheel  as  the  tadina 
ot  the  wheel  to  that  of  the  puUey.  Hence  the  greats  the 
diameter  of  the  wheel,  and  the  less  that  <£  the  pulW,  the  more 
rapidly  will  the  exterior  air  (which  enters  by  small  holes  hh, 
into  the  top  of  the  box)  be  driven  by  the  vanes,  and  compressed 
into  the  truncated  pyramid  c^  and  thence  expelled  at  n,  in  n 
continued  blast ;  which  will  likewise  be  the  more  vic^ent  the 
greater  the  action  at  the  handle  m.  This  machine,  being  very 
simple,  id  easily  coiistructedy  and  at  a  small  eXpeMB. 

Another  beOows,  furnishing  a  uniform  blast,  is  described  id 
the  article  Pneumatics,  Encylopadia  BrUannica,  as  belotf : 
one  cylinder  is  made  to  deliver  its  sit  into  another  <^linderj 
which  has  a  piston  exactly  fitted  to  its  bore,  and  loaded  with  at 
sufficient  weight.  The  blowing  cylinder  abcd  (fig.  S.  p)«  VIII.} 
has  its  piston  p  worked  by  a  nod  HP,  connect  by  double 
diains  with  the  atdied  head  of  the  working  beam  Ko,  moving 
round  a  gudgeon  at  R.  He  other  end  o  of  this  beam  is  con* 
nected  by  the  rod  op  with  the  crank  p<i  of  a  wheel^machitte  $  or 
H  may  be  connected  with  the  piston  of  a  steam-engine,  8tc.  Sec. 
The  blowing  cylinder  has  a  valve  or  valves  £  in  its  bottom, 
opening  inwards.  There  proceeds  from  it  a  large  jnpe  OP, 
wnich  enteiB  the  regulating  cylinder  chki,  and  haa  a  valve  at 
top,  to  prevent  the  air  from  getting  back  into  the  blowing  cy^ 
finder.  It  is  evident  that  the  air  forced  into  this  cylinder  must 
raise  its  piston  l,  and  that  it  must  afterwards  descend^  while  the 
other  piston  is  rising.  It  must  descend  uniformly,  and  make 
a  perfectly  eouable  blast. 

Observe,  tnat  if  the  pston  L  be  at  the  bottom  when  the  nM« 
dune  besins  to  work,  it  wiU  be  at  the  bottom  at  the  end  of  every 
stroke,  if  the  tuyere  T  emits  as  nrach  air  as  the  cylinder  ASCB 
fttraidies ;  nay,  it  will  Ke  a  while  at  the  bottom ;  fer,  while 
it  was  rising,  ear  was  issuing  through  r.  This  would  'make 
an  interrupted  blast.    To  prevent  this,  the  orifice  t  mufit  be 


]es8eiied ;  but  then  there  will  be  a  «urplQS  of  air  at  the  end  «f 
each  stroke,  and  the  piston  l  will  rise  continually,  and  at  last 
get  to  the  top,  and  allow  air  to  escape^  It  ifl\  just  possible  to 
adjust  circumstances,  so  that  neither  shall  hir|)pen.  This  if 
done  easier  by  putting  a  stop  in  the  way  of  the  piston,  and  put* 
ting  a  valve  on  the  piston,  or  on  the  conducting  pipe  kst,  loaded 
with  a  weight  a  little  superior  to  the  intended  elasticity  of  the 
9ir  in  the  cylinder*  Therefore,  when  the  piston  is  prevented 
by  the  stop  from  rising,  the  shifting  valve,  as  it  is  called,  is 
forced  open,  the  supcprfluous  air  escapes^  and  the  blast  preserves 
its  uniformity* 

TTie  Jffydratdic  For^e  BeUaws^  of  Mr.  J.  C.  Homblower,  ia 
a  very  ingenious  contnvancci  and  is  therefore  described  here. 
This  invention  is  shown  in  plate  V. 

▲  the  plunger,  or  working  part  of  the  bellows,  IS  inches 
square  within,  which  receives  tne  air  by  a  valve  in  the  hinder 
part  opening  inwards,  which  at  the  stroke  by  the  rockstaff  s 
throws  it  down  the  tube  indicated  by  the  dotted  lines,  which 
has  a  valve  opening  into  the  reservoir  n^  whence  it  is  led  to  th^ 
tuyere  by  the  rape  p.  Length  of  the  plunger  90  inches,  stroke 
nine  inches*    Diameter  of  p  three  inched ;  pf  the  nozzle  0*6* 

The  whcde  is  placed  in  a  pit  or  cistern,  having  water  suf* 
ficient  to  rise  to  the  lower  end  of  the  tube  where  the  valve  hangs  ; 
this  tube  is  the  only  communication  between  the  upper  part  imd 
the  reservoir  n:  whesi  as  much  water  is  poured  m  round  the 
working  part,  over  the  wash-boards,  as  will  rise  within  five 
inches  of  the  upper  edge  of  them,  the  beUows  is  ready  for  use., 
The  little  frame-work  serves  to  keep  it  from  rising,  and  affixds 
a  convenient  support  for  the  balance  and  the  rockstaffi  The 
ar^a  of  th^  pit  cm:  cistern  ought  to  be  at  least  twice  as  much  as 
that  of  the  plunger  a.  .       , 

Mr.  Homblower  mentions  a  very  striking  difference  betweeii 
the  effect  of  this  beUows  and  a  common  leathered  dO*inch  bek 
lows  in  the  same  shopv  The  leathered  bellows  throws  consider* 
ably  more  air  to  the  nre,  and  its  nozzle  compared  with  this  is  aa 
*73  to  *60  in  diameter,  bat  it  does  not  produce  so  great  an  effect 
in  bringing  on  the  heatj,  and  the  nmse  c^  this  is  so  great  as  a]U 
Qsost  to  dfown  that  of  the  oxnmon  one.  The  only  difference 
to  ptber  respects  is»  that  in  the  hydraulic  bellows  the  pipe  goea 
under  ground  for  about  eight  feet,  and  the  conducting  pipe  of 
the  other  conies  down  abcait  the  same  distance  firom  we  shop 
above. 

When  bdlovs  are  made  more  than  usually  large,  for  exten*. 
Ave  furnacesi  they  have  been  frequently  worked  by  water* 
wbe^.    But  irw  furnaces  havci  of  late,  been  constructed  of 
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such'  magnitude,  that  no  leather  bellows  could  be  made  suf- 
ficiently capacious ;  and  hence  large  forcing  pumps  have  often 
been  substituted  for  them.  One  of  the  blowing  endues  used 
at  the  Carron  iron  works,  and  constructed  by  the  celebrated 
Smeaton,  is  described,  with  an  illustrative  plate,  in  the  second 
volume  of  the  Pantologia,  to  which  the  reader  must  be  re- 
ferred. 

The  blowing  machine  recently  erected  at  the  smithery  in  his 
Majesty's  Docfe-yard,  Woolwich,  if  not  the  most  powerful,  is 
perhaps  one  of  tne  most  perfect  in  the  kingdom,  and  is  de- 
serving of  particular  attention :  it  is  adequate  to  the  supply 
of  air  for  forty  forge  fires,  amongst  which  are  several  for  the 
forging  anchors^  iron  knees,  ana  many  other  heavy  pieces  of 
smithery. 

This  machine  is  represented  in  plate  XLI.  fig.  1,  being  a 
perspective  view  of  the  en^ne,  and  fig.  2,  3,  and  4,  elevations 
and  sections  of  the  blowing  cylinders.  The  part  seen  in  fig.  1. 
is  only  that  which  appears  above  the  level  of  the  floor.  The 
Other  part  is  below,  and  may  be  seen  in  fig.  2,  3,  and  4. 

The  length  of  the  cylinders  is  five  feet  five  inches,  of  which 
two  feet  four  inches  appear  above  the  floor ;  the  interior  dia- 
meter of  each  cylinder  is  four  feet  eight  inches,  and  the  length 
of  the  stroke  is  also  four  feet  eight  inches ;  which  is  repeated 
in  each  of  the  three  cylinders  a,  b,  o,  twenty  times  per  minute, 
which  corresponds  to  an  expulsion  of  nearly  5000  cubic  feet  of 
air  per  minute.  The  fourth  cylinder  d  is  used  only  to  regu- 
late the  pressure,  as  will  be  explained  below. 

The  manner  of  commumcating  motion  to  the  piston  rodd 
will  be  seen  in  the  plate ;  this  motion  being  so  contrived,  that 
while  one  piston  rod  is  at  its  highest  point,  another  is  half  way 
down,  or  up,  and  the  other  quite  down.  A  large  iron  wind 
dhest,  twenty-two  feet  five  inches  in  length,  is  placed  on  proper 
stone  supports  or  pillars  in  the  cellar  below,  and  upon  this  are 
fixed  the  four  cylinders  a,  b,  c,  d,  the  latter  being  open  to  the 
chest  at  its  bottom,  but  the  others  are  closed.  From  this  chest, 
under  the  cylinder  c,  proceeds  the  main  eduction  pipe,  shown 
in  the  elevations  fig.  3  and  4,  and  from  this  branch  pipes  pro- 
ceed to  the  several  forges,  each  pipe  near  the  forge  oemg  fur- 
nished with  a  cock,  so  that  the  blast  may  be  turned  on  or  off  at 
pleasure. 

-  In  fig.  3,  above  referred  to,  will  be  seen  a  short  cylinder  be- 
hind the  eduction  pipe,  in  which  is  a  valve,  shown  more  parti- 
cularly in  fig.  2,  where  the  section  is  made  to  pass  througn  the 
axis  bloth  or  the  valve  cylinder  and  blowing  cylinder ;  the  for- 
mer elevation  being  at  right  angles  to  the  principal  axis  of  the 
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machine,  and  that  in  fig.  4,  parallel  to  the  same^  neither  of  whieh 
theref<Mre  embrace  the  valve  cylinder,  wliich  is  placed  somewhat 
on  one  side. 

.  On  the  principal  axis,  fig.  1,  are  seen  three  eccentric  wheeis, 
furnished  with  iron  straps,  fig.  8,  which  are  connected  with  the 
lever  under  the  wind  diest,  seen  at  fig;  8>  at  e;  and  th^e 
wheels  are  so  arranged,  in  respect  to  the  corresponding  crank, 
.  that  when  the  piston  of  any  cylinder  is  either  alx>ve  or  below, 
tiie  lever,  fig.  S,  is  horizontal,  and  the  valve  a  then  exiactly 
closes  the  hole  A,  fig.  2.  '  When  the  piston  in  this  figure  be- 
gins to  ascend,  the  end  e  of  the  lever,  fig.  3,  continues  to 
ascend  also,  and  the  other  end  f  descends ;  and  being  connected 
with  the  vaJve  i*od  af  g,  fig.  %  this  also  descends,  and  thereby 
opens  a  communication  between  the  interior  of  the  cylinder  and 
the  atmoqahere,  which  former  thus  receives  a  fresh  supply- of 
air.  This  valve  continues  to  descend  till  the  piston  is  half  tiray 
up;  it  then  b^ins  to  ascend  till  the  piston  is  at  its  highest 
point,'  when  the  valve  has  again  exactly  the  position  shown^in 
the  figure.  The  piston  now  descends,  but  the  valve  rod  still 
continues  to  ascend,  and  thereby  opens  a  communication  be- 
tween the  cylinder  and  wind  chest,  into  which  latter  the  air  i» 
forced  by  Uie  action  of  the  piston.  When  this  latter  is  half 
way  down,  the  valve  rod  has  reached  its  highest  pointy  and 
then  continues  to  descend  with  the  pbton  till  the  latter  is  down,' 
when  the  hole  h  is  again  covered  with  the  valve,  and  the  whole  is 
situated,  as  at  first,  to  have  the  process  i^in  repeated,  as  alx^ve 
described.  By  these  means  the  cylinders  are  successd vely  opened 
to  the  atmosphere,  and  then  to  the  wind  chest,  and  a  constant 
influx  of  air  is  produced.  To  preserve  a  steady  aeticxi.ih  the 
valve  rods,  they  are  made  to  pass  thrdugh  guards,  level  .witb 
the  floor,  as  shown  in  fig.  1  and  2.  The  cylinder  d  has  >no 
bottfku,  bein^  open  to  the  wind  cliest,  and  its  pistoii,  which 
weighs  700  Ibsi  serves  only  to  regulate  the  pressure^  wUch 
amounts  to  about  ^  lb.  per  square  inch.  When  the  pressure 
exceeds  this,  the  piston  rises,  and  opens  a  safety  valve  con- 
nected with  this  cylinder  at  the  back,  not  seen  in  our  drawing, 
but  the  operation  of  which  will  be  easily  conceived. 

The  form  of  the  bottom  of  the  cylinder,  shown  in  fig.  £,  is 

Cculiar  only  to  that  particular  section ;  the  other  part  of  the 
ttom  is  perfectly  flat :  its  purpose  is  obviously  to  furnish  a 
comioQunication  with  the*  valve  cylinder.  {Encyclopa^ia  Me^ 
tropolitana.) 

Bellows,  or  blowing  engine  by  water,     A  machine  of  this 

kind,  ill  which  the  stream  of  air  is  supplied  by  the  flowii^  of 

w&ter,'has  been  long  employed  at  the  iron  works  ofPouUaoHen 

'  in  France. '  The*  shower  of  water,  in  its  descent-  tht^ougb  ihe 


IM  MACHINES. 

Terdcat  pipe  of  the  machine,  cftrrieB  dowtt  a  tnads  of  air  along 
vitb  it  (upon  the  principle  of  the  lateral  adhesion  of  fluids),  in 
the  same  manner  as  a  shower  of  rain  on  the  flat  surface  of  the 
sea  produces  that  temporary  blast  of  wind  winch  the  Gteatnen 
term  a  squalL  Its  effects  in  producing  0,  blast  aC  air  aire  infe^ 
xior  to  that  of  the  steam  engine  ;  but  in  s&tuatioos  which  afford 
9  plentiful  supplj  and  a  sufficioit  fall  o£  water,  it  may  fi^ 
qnently  be  employed  with  advantage.  ^ 

BLOCK  MACHiiffERY.  Tlie  machinery  for  manuiiicturinff 
ships*  blocks  in  the  royal  dock-yard  at  ]rortdmouth,  invented 
bf  .Mr.  Brunei,  is  greatly  and  deservedly  celebrated.  A  eoa^ 
dse  account  of  it  isy  therefore,  here  given. 

The  machines  devoted  to  tbis  purpose  have  been  separated 
into  ftmr  classes.  1.  The  sawing  machaie,  for  converting  the 
isrge  tiniber  into  Proper  dimensions  for  the  small  machines  tcr 
operate  upon.  S.  Those  madiines  whidi  are  employed  is 
Sbrming  the  leaves.  8.  Those  which  form  the  iron  pms  tor 
the  bkcks.  4.  Those  by  which  the  sheUs  of  the  blocks  ate 
manufactured.  They  are  all  worked  by  means  of  two  steam 
engines,  eadi  of  thirty«horse  power.  £ither  c£  these  can  be 
wjriied  indifferently  to  work  toe  chain  pumps,  or  for  turning 
urn  wood-mill ;  and  their  po^^er  is  transmitted  by  a  train  of 
ivheeLwork,  to  a  horizontal  shaft,  extendii^  alon^  the  centre  of 
the  middle  bnilding,  very  near  its  rbo£  iTpaa  this  ore  a  nutx^ 
het  of  wheels  and  drums,,  which,  by  endless  ropes  and  straps^ 
conmunicate  modon  to  the  several  subordinate  machines. 

The*  order  of  the  processes  is  tbisv  The  efan  trees  are  first 
<oat  into  short  tengths,  proper  to  form  the  various  sizes  of 
blacks,  by  two  huge  sawing  machines,  one  a  reciproca^biffy  the 
«liier  a  circular  saw.  These  lengths  of  the  trees  are  next  cut 
into  squares,  and  ripped  at  spiii  up  into  proper  ozes  by  four 
sawifig  benches  with  circular  saws^  and  one  very  large  recipnv 
catittflr  saw^  which,  is  employed  for  cuttine  up;  the  pieces  for 
vary  hKge  blocks; 

The  scantlings  thus  preptered  ftr  the  blocks^  are  perfmted 
is  three  boring  maeAifieSy  with  a  hole  through  eaioh  to  containr 
the  centre  pm  for  the  sheaves  of  the  block,  and  as  many  other 
kole!}  m  a  ainecdon  perpendicular  to  the  firmer,  as  the  nua£er 
of  sheaves  it  is  to  have ;  these  holes  being  intended  as  the  coio- 
Jttencement  of  the  severed  mortises  to  contain  the  sheaves* 

The  Uocks  are  tie^t  mortised  in  three  mortising  engiagSy 
which  elon^te  the  holes  abovementioned  to  theit  proper  di- 
mensionsL  Ilece  the  motion'  of  the  sliding  ftame  for  the  chisels 
ikcommuilicated  to<it  by  means  of  a^loi^  working  beam  or  lever,.' 
€Ktendiny  the  whole  length  of  the  frame  at  die  top  of  it.  A« 
end  111  18  united  by  a  connecting  rod  with  die  cnisel  frame;.' 


and fljtthe  other  it  is  fixedtoanaxi%  which  is  supported  fajthe 
framin^i  and  which  forms  its  centre  of  motion.  A  connecting 
rod  is  joined  to  it  in  the  middle  of  the  beam;  the  lower  end  of 
which  IS  woirked  by  a  cranR,  formed  in  the  middle  of  the  main 
axis,  which  is  atuated  in  a  direction  perpendicular  to  that  which 
we  have^  described,  and  is  supported  ia  the  framing.  It  is  pro* 
vided  with  a  cone  for  casting  off  the  movement  The  enmne 
with  the  beam  acts  with  surprising  rapiditw  making  upwarcb  of 
400  strokes  per  minute,  at  every  one  of  which  it  cuts  out  a  chip 
from  each  mortise  as  thick  as  pasteboard.  Its  movement.  is| 
indeed,  so  rapid,  that  the  diisels  cannot  be  distinctly  seen  when 
it  is  at.  work ;  so  that  the  mortises  seem  to  lengthen^  and  chips 
to  fall  out,  without  any  evident  cause. 

The  angles  of  the  blocks  are  next  cut  off  by  three  ciiculai: 
sawfGL  as.  preparatory  to  reducing  them  to  the  elliptical  ^guie. 

Thfi  outside  sur&ces  of  the  block  are  then  formed  to  their 
true  figure  by  three  shaping  aigines^eat^  of  which  forms  every 
part  cf  ten  blocks  simultaneous^^. 

llie  scores,  or  grooves,  rouna  thl^  block  ate  next  formed^  to 
receive  the  rope  or  strap  by  which  they  are  suspended :  this  ia 
effected  by  two  icormg  engines. 

Then  the  Uocks  are  trimmed  by  manual  labour,,  to  smooth 
9Qd  polish  them. 

In  order  to  make  the  sheaves^  the  first  process  is  cutting 
{ueces  or  flakes  off  the  end  of  the  trees,  of  hguum  vit»,  of  n 
ifuitable  thickness  to  form  the  sheavea  This  is  accomplishedl 
hy  a  reciprocating  and  two  circular  saws.  These  flakes  arc^ 
made  circular,  and  the  centres  pierced  ia  two  roundbg  and 
ccgatering  machines,  or  trepan  saw. 

.  A.hofe  is  next  excavated  in  the  centre  of  each  sheave,  to 
inlay  the  ooak  or  piece  of  bell  metal,  which  is  fitted  into  the 
centre  of  each  sheave^  to  form  a  socket  for  the  centre  pin.  The^ 
centre  holes  through  the  ooaks  are  next  broached  out  to  a  true 
cylinder  in  three  Sroachin^  machines. 

The  last  process  is  turning  the  faces  and  edges  of  the  sheovea 
to  a  flat  surface,  in  thxeejacing  2a/^«^' which,  also  form  the  groove 
sound  the  edges  for  them,  for  the  rope  which  encompasses  them 
when  in  the  Uock; 

There  are  also  two  machines  for  making  what  are  denominated 
dead  eyes^  which  are  very  ingenious  and  complete.  The  whole 
number  of  machines  here  employed  is  47.  To  describe  th^otx 
minutely  would  require  a  volume.  A  good  account  of  themn 
lUustrated  by  excellent  engravings,  may  be  seen  in  Rees's  New 
Qfclopcedia,  art.  MACHUiEBY. 

BpRX.I'Cfr  of  Cylm4ers9^  Ordnance,  Wooden  PipeSf  4^  ^^ 
CyipIIHSdim,  Ojip2ian<^£|;  and  PiFies. 
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'  BRAMAffs  MACHINE,  BramaKs  Hydro^atic  Press,  S^c. 
— names  which  are  now  commonly  given  to  the  ingenious  con- 
trivances of  the  late  Mr.  Bramah,  by  which  he  applied  the 
tpiaqua  verstim  pressure  of  fluids  as  a  very  powerful  agent  in 
roany  kinds  of  machinery  requiring  motion  and  force.  These 
contrivances  (for  which  Mr.  Bramab  took  out  a  patent  in 
March,  1796)  consist  in  the  application  of  water,  or  otner  dense 
fluids,  to  various  engines,  so  as,  in  some  instances,  to  cause 
them  to  act  with  immense  force ;  in  others,  to  communicate 
the  motion  and  powers  of  one  part  of  a  machine  to  some  other 
part  of  the  same  machine;  and,  lastly,  to  communicate  the 
motion  and  force  of  one  machine  to  another,  where  their  local 
situations  preclude  the  application  of  all  other  methods  of  con- 
nexion« 

The  first  and  most  material  part 'of  this  invention  wiH.be 
clearly  understood  by  an  inspection  of  fig.  4.  pi.  IX.  where 
"Aba  cylinder  of  iron,  or  otner  materials,  sufiiciently  strong, 
and  bored  perfectly  smooth  and  cylindrical ;  into  which  is  fitt;ed 
the  piston  b,  which  must  oe  made  perfectly  water-tight,  by 
leather  or  other  materials,  as  used  in  pump-making.    The  bot- 
tom of  the  cylinder  must  also  be  made  sufficiently  strong  with 
the  other  part  of  the  surface^  to  be  capable  of  resisting  the 
greatest  force  or  strain  that  may  at  any  time  be  required. .  JEn* 
the  bottom  of  the  cylinder  is  inserted  the  end  of  the  tube  c ; 
the  aperture  of  which  communicates  with  the  inside  of  the 
cylinaer,  under  the  piston  b,  where  it  is  shut  with  the  small 
valve  D,  the  same  as  the  suction-pipe  of  a  common  pump.   The 
other  end  of  the  tube  c  communicates  with  the  small  forcing- 
pump  or  injector  E,  by  means  of  which  water  or  other  (lense 
fluids  can  be  forced  or  injected  into  the  cylinder  a,  undep^the. 
piston  B.     Now,  suppose  the  diameter  of  the  cylinder  a  to  be 
12  inches,  and  the  diameter  of  the  piston  of  the  small  pump  or 
injector  e  only  one  quarter  of  an  inch,  the  proportion  between' 
the  two  surfaces  or  ends  of  the  said  pistons  will  be.  as  1  to' 
SS(H ;  and  supposing  the  intermediate  space  between  them  to 
be  filled  with  water  or  other  dense  fluid  capable  of  sufficient 
resistance,  the  force  of  one  piston  will  act  on  the  other  just  in 
the  above  proportion,  viz.  as  1  is  to  2304.     Suppose  the  small 
piston  in  the  injector  to  be  forced  down  when  in  the  act  of 
pumping  or  injecting  water  into  the  cylinder  a,  with  the  power 
of  20  cwt.  which  could  easily  be  done  by  the  lever  h  ;  the  pis- 
ton B  would  then  be  moved- up  with  a  force  equal  to  20  cwt. 
multiplied  by  S804.     Thus  is  constructed  a  hydro-mechanical 
engine,  whereby  a  weight  amounting  to  ^04  tons  can  be  raised 
by  a  simple  lever,  through  equal  space,  in  much  less  time  than 
could  be  done  by  any  apparatus  constructed  on. the  known 
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priucipl^s  of  mechanics ;  and  it  may  be  proppi*  to  obseive^  th^t 
the  efifect  of  all  other  mechanical  combinations  is  counteracted 
by  an  accumulated  complication  of  parts,  which  render?  them 
incapable  of  being  usefully  extended  beyond  a  certain  degree  ; 
but  \n  machines  acted  upon  or  constructed  on  this  principle 
every  difficuUy  of  this  kind  is  obviated,  and  their  power  subject 
to  no  finite  restraint  To  prove  this  it  will  be  only  necessary 
to  remark,  that  the  force  of  any  machine  acting  upon  this 
principle  can  be  increased  ad  iiifin'Uum^  either  by  extending 
the  proportion  between  the  diamt  ter  of  the  injector  and  the 
cylinder  a,  or  by  applying  greater  i>ower  to  the  lever  h^ 

**  Fig.  5.  represents  the  section  of  an  engine,  by  which  very 
wonderful  effects  may  be  produced  instantaneously  by  means  of 
compressed  air.  a  a  is  a  cylinder,  with  the  piston  b  fitting 
oir.tight,  in  the  same  manner  as  described  in  fig.  4.  c  isa 
globular  vessel  made  of  copper,  iron,  or  other  strong  materialsf 
capabk  of  resisting  immense  force,  similar  to  those  of  air-gum. 
]>  is  a  strong  tube  of  small  bore,  in  which  is  the  stop-^cock  Ef 
One  of  the  ends  of  thi&  tube  communicates  with  the  cylinder 
under  the  piston  3,  and  the  other  with  the  globe  c.  Now, 
suppose  the  cylinder  a  to  be  the  same  diameter  as  that  in  fig*  f  • 
and  tlie  tube  d  equal  to  one  quarter  of  an  inch  diameter,  which 
is  the  same  as  the  injector,  fig.  4. ;  then,  suppose  that  air  is  in- 
jected into  the  globe  c  (by  the  common  method),  till  it  presses 
against  the  cock  B  with  a  force  equal  to  9,0  cwt*  which  can 
easily  be  done ;  the  consequence  will  be,  that  when  the  cock  e 
is  opened  the  piston  b  will  be  moved  in  the  cylinder  aa  witl> 
a  power  av  force  equal  to  ^23()4  tons;  and  it  1$  obvious,  as  in 
the  case  fig.  4.  that  any  other  unlimited  degree  of  force  may 
be  acquired  by  machines  or  engines  thus  constructed. 

*'Fig.  €}.  is  a  section,  merely  to  show  how  the  power  and 
motion  of  one  machine  may,  by  means  of  fluids,  be  transferred 
or  communicated  to  another,let  their  distance  and  local  situatiou 
be  what  they  may.  a  and  b  are  two  spnall  tubes,  smooth  and 
cylindrical ;  in  the  inside  of  each  of  which  is  a  piston,  made 
water  and  air  tight,  as  in  figs.  4,  and  5.  cc  is  a  tube  conveyed 
under  ground,  or  otherwise,  from  the  bottom  of  one  cylinder  to 
the  other,  to  form  a  communication  between  them,  notwith- 
standing  their  distance  be  ever  so  great ;  this  tube  being  filled 
with  water  or  other  fluid,  until  it  touch  the  bottom  of  the  piston ; 
tb^B,  by  depressing  the  piston  a,  the  piston  b  will  be  raised- 
The  same  effect  will  be  produced  vke  versa :  thus  bells  may 
be  rung,  wheels  turned,  or  other  machinery  put  invisibly  in 
motion,  by  a  power  being  applied  to  either. 

«  rig.  7.  is  a  section,  snowing  aifother  instance  of  coramun^ 
caUng  the  action  and  force  of  one  machine  to  another ;  and  ho  v 
VOL.  11.  ^ 
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water  may  be  riused  out  of  wells  of  any  depth,  and  at  any 
distance  from  the  place  where  the  operating  power  is  applied. 
A  is  a  cylinder  of  any  required  dimensions,  in  which  is  the 
working  piston  b,  as  in  the  foregoing  examples :  into  the  bottom 
of  this  cylinder  is  inserted  the  tulje  c,  which  may  be  of  less 
bore  than  the  cylinder  a.  This  tube  is  continued,  in  any  re- 
Quired  direction,  down  to  the  pump  cylinder  d,  supposed  to  be 
nxed  in  the  deep  well  ee,  and  forms  a  junction  therewith  above 
the  piston  f  ;  which  piston  has  a  rod  o,  working  through  the 
stuffing  box,  as  is  usual  in  a  common  pump.  To  this  rod  g  is 
connected,  over  a  pulley  or  otherwise,  a  weight  h,  sufficient  to 
overbalance  the  weight  of  the  water  in  the  tube  c,  and  to  raise 
the  piston  f  when  the  piston  b  is  lifted:  thus,  suppose  the 
•piston  B  is  drawn  up  by  its  rod,  there  will  be  a  vacuum  made 
m  the  pump  cylinder  d,  below  the  piston  f  ;  this  vacuum  will 
be  filled  with  water  through  the  suction  pipe,  by  the  pressure  of 
the  atmosphere,  as  in  all  pumps  fixed  in  air.  The  return  of  the 
piston  B,  by  being  pressed  downwards  in  the  cylinder  a,  will 
make  a  stroke  of  ^e  piston  in  the  pump  cylinder  d,  which  may 
be  repeated  in  the  usual  way  by  the  motion  of  the  piston  b,  and 
tlie  action  of  the  water  in  the  tube  c-  The  rod  G  of  the  piston 
^,  and  the  weight  H,  are  not  necessary  in  wells  of  a  depth  where 
the  atmosphere  will  overbalance  the  water  in  the  suction  of  the 
pump  cylinder  d,  and  that  in  the  tube  c.  The  small  tube  and 
cock  in  the  cistern  i  are  for  the  purpose  of  charging  the  tube  c.*^ 
By  these  means  it  is  obvious  most  commodious  machines 
of  prodigious  power,  for  tearing  up  trees,  drawing  piles,  &c. 
and  susceptible  of  the  greatest  strength,  may  readily  be  formed. 
If  the  same  multiplication  of  power  be  attempted  by  toothed 
wheels,  pinions,  and  racks,  it  is  scarcely  possible  to  give  strength 
enough  to  the  teeth  of  the  racks,  and  the  machine  becomes 
very  cumbersome  and  of  great  expense.  But  Mr.  Bramah's 
machine  may  be  made  abundantly  strong  in  veiy  small  com- 

Eass.  It  only  requires  very  accurate  execution.  Mr.  Bramah, 
owever,  was  greatly  mistaken  when  he  published  it  as  the 
discovery  of  a  new  mechanic  power.  The  principle  on  which 
it  depends  has  been  iveU  known  for  nearly  two  centuries ;  and 
it  is  matter  of  surprise  that  it  has  never  before  been  applied  to 
any  useful  practical  purpose. 

Bridges  of  Suspension^  or  those  in  which  the  passage  across 
a  river  is  effected  by  suspending  the  supporting  matenal  above 
the  water,  are  now  becoming  so  common  in  tnis  country,  that 
an  article  on  the  subject  seems  highly  desirable. 

The  common  method  of  crossing  ravines  and  rivers  in  thci 
interior  of  America  and  India  is  by  means  of  ropes  of  various 
kinds,  which  are  stretched  from  side  to  side,  having  sometimes 
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a  ro9cI^way  upon  them,  forming  a  complete  rope^bridge ;  atid 
in  other^  cases  merely  a  basket  suspended  from  theiu,  which  is 
drawn  across  whenever  it  is  necessary  to  convey  a  traveller 
over. 

Iron  chains,  rods,  and  wires,  have,  however,  been  most  suc- 
cessfully employed  for  the  same  purpose ;  and  they  have  been 
applied  in  various  ways.  The  following  brief  history,  with  an 
account  of  a  suspension  bridge  across  the  Kelvin,  is  taken  from 
that  useful  little  publication  The  Glasgow  Mechanic's  MagQ" 
sine. 

Chain  bridges  of  very  great  extent  are  said  to  have  been 
long  in  use  in  China,  and  Major  Rennel  describes  one  of  600 
feet  in  length,  which  is  thrown  across  the  Sampoo  of  Hindostan. 
The  first  chain  bridge  erected  in  tliis  island  was  Winch  Bridge^ 
which  was  thrown  across  the  river  Tees,  in  1741,  over  a  chasm 
nearly  60  feet  deep,  for  the  passage  of  travellers,  but  particu-^ 
larly  of  miners ;  it  is  seventy  feet  in  length,  and  about  two  feet 
broad,  with  a  hand  rail  on  one  side,  and  planked  Jo.  such  a 
manner,  that  the  traveller  experiences  all  the  tremulous  mo^ 
tion  of  the  chain,  and  sees  himself  suspended  over  a  roaring 
gulf,  on  an  agitated  and  resdess  gangway,  to  which  few 
strangers  dare  trust  themselves. 

Bridges  on  this  plan  were  subsequently  erected  in  the  United 
States  of  America ;  and  there  is  one  (erected  in  1809,)  over 
the  river  Merrimack,  in  Massachusets,  of  244  feet  span,  having 
two  carriage  ways,  each  fifteen  feet  in  breadth,  and  capable  of 
supporting  500  tons.  There  is  also  another  fine  suspension 
bridge  of  five  arches  over  the  Delaware  at  Trenton;  of  which 
an  interesting  account  has  been  published  in  this  country  by 
Mr.  C.  A.  busby.  'Ihe  following  suspension  bridges  nave 
be^  recently  erected  in  Scotland : 

Date.  Span,  Breadth,     Cost, 


Galashiels  Wire  bridge. . ....  1 816  . . 

Kiog^s  Meadows  do 1817  . . 

Tbirlestaiie  do ^ .. 

Dryburgh  Chain  do 18 1 8  . . 

Berwick  Union    do. 1 8*20  . . 


Ill  feet  ....  £40 

no  do 4feet      £l60 

125  do ■     ■ 

260  do 4  do.       £720 

361  do 18  do.    £6050 


The  suspension  bridge  across  the  Menai>straits  furnishes 
also  a  very  interesting  specimen  of  this  department  of  the 
art. 

The  suspension  bridge  across  the  river  Kelvin,  exhibited  in 
plate  XLII,  was  erected  in  the  year  18S2,  by  James  Gibson^ 
of  Hillhead,  Esq.,  for  the  purpose  of  connecting  the  lands  of 
Hillhead  and  Blythswood  It  was  designed  and  executed 
under  the  superintaidence  of  John  Herbertsonjun.,  Architect, 
on  the  prinpple  of  suspension  bridges,  with  the  chains  or  rodf 
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below,  and  the  tveigbts  resting  on  the  rods  by  means  of  cast* 
kon  brackets,  on  which  the  beams  are  placed. 
'  The  bridge  is  63  feet  in  span,  and  twelve  feet  wide,  and 
there  are  five  beams  of  crown  memel  in  the  width,  each  bein^ 
twelve  inches  deep,  by  six  inches  thick,  in  two  lengths.  The 
rods  which  are  made  of  Ackerman*s  chain  iron  are  one  and 
one-fourth  inches  in  diameter.  They  are  bent  round  the  end* 
of  the  beam,  and  fastened  with  a  hoop  of  iron^  two  inches 
broad,  by  one  inch  thick,  to  prevent  it  from  springing.  Buck- 
ling screws  are  placed  on  each  rod,  near  to  the  brackets,  for  the 
purpose  of  tightening  the  rods  and  raising  the  beams  to  the 
level ;  so  that  the  whole  structure  can  be  adjusted  with  the 
greatest  ease. 

r  That  this  plan  may  be  carried  to  a  great  extent,  is  evident 
from  Its  simj^icity  and  capability  of  sustaining  an  enormous 
pressure.  From  the  construction,  it  will  be  easily  seen,  that 
the  whole  weight  or  pressure  is  exerted  on  the  iron  rods,  oif 
wires,  in  the  airection  of  their  length,  so  that  they  have  no 
tendency  to  break  or  bend  in  a  lateral  direction.  The  amazing 
strength  that  this  mode  of  connecting  the  ends  of  a  woodeH 
beam  imparts  to  it,  may  be  illustrated  by  a  very  simple  expe- 
riment. Let  the  mechanic  take  a  piece  of  wood,  about  two  or 
three  feet  long,  and  an  inch  in  diameter,  place  the  ends  of  it 
between  two  cnairs,  or  stones,  and  attempt  to  stand  upon  it, 
and  he  will  find  it  break  almost  instantaneously.  Let  him  noW 
take  a  similar  piece  of  wood,  and  bend  round  the  two  ends  a 
piece  of  wire  so  much  longer  than  the  wood  as  to  allow  a  sniiaM 
wedi^e,  or  wooden  pin,  two  or  three  inches  long,  to  be  placed 
vertically  between  1»e  wood  and  the  wire,  and  he  will  find  that 
he  will  be  unable  to  break  it,  though  he  leap  upon  it  with  all 
his  force.  The  application  of  this  principle  may  be  seen  in  all 
cases  where  brackets  and  trussed  beams  are  employed,  though 
it  has  been  seldom  perhaps  carried  to  the  extent  whioh  it 
obviously  admits  of 

But  for  a  fuller  development  of  the  principles  and  construc- 
tion of  suspension  bridges,  we  here  present  copious  extracts 
from  ilfi'.  George  BuchanarCs  report  on  the  practicability  of 
erecting  a  suspended  bridge  of  iron,  across,  the  Esk  at  Mont- 
rose, instead  of  the  present  wooden  bridge  thera  (Edinburffh 
Phtl.  Jour,  No.  21.) 

The  town  stands  on  a  gently  rising  ground,  in  one  of  those 
low  sandy  flats,  which  occur  so  frequently  on  the  shores  of  the 
Geirman  Oqean,  and  which,  from  then*  slight  e]9vation  above  the 
sea*level,  and  other  circumstances,  appear  to  hare,  been  once 
overflowed  by  the  water.  It  has  theGerman  Ocean' on  the  casl^ 
aft  the  disCaAoe  of  about  half  a  mile^  and  to  the  west  iai^  tract  of 
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iow  akid  level  sands,  above  four  square  miles  in  eKtent,  and  nine 
miles  in  circumference,  through  which  the  South  Esk  winds  its 
way  to  the  sea,  passing  close  to  the  town  on  its  south  side* 
These  sands  lie  below  the  level  of  high  water  and  above  the 
level  of  low  water,  and  the  river  opening  a  communication  with 
the  sea,  it  necessarily  happens,  that  every  rising  tide  rushes  up 
the  channel  of  the  river^  and  inundates  the  whole  of  this  sandy 
flat  to  the  west  of  the  town,  which  is  again  left  uncovered  by 
the  reflux  of  the  tide.  The  channel  through  which  this  great 
bodv  of  water  is  alternately  poured  in  and  discharged  is  sudi- 
denly  contracted  at  the  south  end  of  the  town,  to  the  breadth 
of  ?00  feet  at  high  water,  and  400  (eet  at  low  spring^tides ;  and 
in  consequence  of  this,  the  stream  rushes  in  or  out  with  great 
violence,  acconiing  as  the  tide  is  either  flowing  or  ebbing;  and 
it  is  over  this  narrow  part  of  the  channel  that  the  bridge  is 
erected;  the  narrowness  here,  which  both  strengthens  and 
deepens  the  current,  rendering  the  situation  in  other  respects 
ikvourable  for  a  structure  of  this  nature. 

This  low  land,  over  which,  at  each  return  of  the  tide,  are 
spread  the  waters  of  the  ocean,  after  they  have  made  their  way 
through  the  narrow  channel  of  the  South  Esk,  is  called  the 
Basin,  which  ibrms  a  striking  object  in  the  scenery  of  the  place, 
appearing,  when  the  tide  is  full,  a  large  and  beautiful  lake,  and 
in  a  few  hours  afterwards,  when  the  waters  have  retired,  a  de- 
sedate  and  sdndy  marsh.  But  what  we  have  chi^y  to  consider 
here,  is  the  difficulty  in  finding  in  such  a  situation  any  solid 
foundation  for  the  erection  of  a  bridge.  In  consequence  of 
the  violence  with  which  the  water  flows  out  and  in,  as  the  basin 
is  alternately  emptied  and  filled,  the  natural  channel  of  the  river 
has  been  deepaied,  and  now  contains  in  the  middle  parts  a  body 
of  30  or  35  feet  of  water  at  full  tide,  and  never  less  than  ^feet 
at  the  lowest  tides.  The  current  also  often  runs  at  the  rate  of 
five  or  six  miles  an  hour.  The  river  Thames  at  London  is 
broader  than  this  stream,  but  its  depth  is  much  less,  and  its  cur- 
rent is  not  nearly  so  rapid.  Estimating  the  average  depth  of 
die  basin  to  be  six  feet  at  high  water,  and  its  area  four  square 
miles,  we  shall  find  that  the  body  of  water  discharged  through 
this  channel  is  equal  to  that  of  a  river  which  drains  a  country 
10,000  square  miles  in  superficial  extent,  a  surface  far  exceed- 
ing  that  which  is  drained  by  the  principal  rivers  of  our  island, 
and  more  than  double  the  area  drained  by  the  Thames  itself. 
It  is  not  therefore  merely  a  fresh-water  stream  over  whi^h  we 
have  to  build,  nor  yet,  strictly  speaking,  an  arm  of  the  sea.  It 
is  a  vast  river  from  the  ocean,  pouring  in  with  rapid  stream  o^ 
our  works,  and  in  a  diannel  already  of  ancommon  depths  and 
at  the  same  time  so  ocm&ied,  and  of  ao  ^ftand  yielding  a  bot- 
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torn,  that  the  least  contraction  of  the  water-way  is  sure  to  deepen 
it  still  farther,  and  thus  endanger  any  work  erected  on  so  pre- 
carious a  foundation,  should  the  attempt  even  succeed  of  found- 
ing and  building)  in  a  situation  so  replete  with  difficulty  and 
hazard. 

At  the  place  where  the  present  bridge  stands,  the  river  is 
divided  by  a  small  island  called  the  Inch  into  two  streamy 
which  again  unite  at  a  quarter  of  a  udle  below  the  bridge.  It 
is  over  tne  northern  and  larger  stream  that  the  bridge  is  erected ; 
and  it  is  evidently  a  very  appropriate  situation  for  a  suspension 
bridge. 

The  suspended  arch  is,  in  most  respects,  the  reverse  of  the 
com^ion  arch.  The  common  arch,  it  is  well  known,  is  only 
sustained  in  consequence  of  the  nice  balance  and  adjustment  of 
its  several  parts.  But  the  materials  of  the  arch  and  its  road- 
way lying  above  the  abutments  from  which  the  arch  is  sprung, 
the  whole  rests  or  stands  on  these  supports,  and  on  this  ac- 
count the  equilibrium  of  the  arch  is  of  an  unstable  and  preca- 
rious nature,  so  that  v^'henever  it  is  disturbed  be}'onda  certain 
point,  it  is  sure  to  be  completely  overturned.  When  the  bridge, 
therefore,  is  overloaded  in  any  part,  the  fall  oi  the  whole  struc- 
ture is  inevitable.  The  suspended  arch  is  the  reverse  of  this, 
and  has,  in  this  respect,  the  advantage.  There  is  here  also  an 
equilibrium  between  the  different  parts  of  the  structure,  but  as 
the  materials  of  the  arch  and  its  roadway  lie,  in  this  case,  be- 
low the  suspending  pillars,  the  whole  rather  hangs  than  rests 
on  these  pillars,  and  the  equilibrium  is,  on  this  account,  re- 
markable for  its  stability,  it  is  that  kind  known  under  the 
name  of  the  Stable  Equilibrium ;  while  the  other,  being  less 
sure,  is  entitled  the  Tottering  Equilibrium.  The  one  cannot 
be  ovei*set,  but  the  other  requires  considerable  skill  to  be  main- 
tained. While  the  raised  arch,  therefore,  falls  irretrievably  in 
consequence  of  any  overload,  the  hanging  arch  cannot  give  way 
until  tne  materials  themselves  which  compose  it  are  torn  in 
pieces.  The  one  tumbles  long  before  the  arch  stones  are 
strained  to  their  utmost ;  while  the  other  carries  the  load  on 
its  chains  to  the  very  moment  of  their  fracture.  In  the  one 
case  the  materials  may  be  driven  out  of  their  place,  and  tlius 
the  structure  may  be  overturned ;  while  in  tlie  other,  we  have 
the  whole  strength  of  the  materials  as  a  security  against  acci- 
dents. And  although  the  common  bridge  is,  no  doubt,  seldom 
known  to  fail,  its  strength  and  solidity  are  chiefly  owing  to  the 
enormous  mass  of  materials  which  compose  it ;  while  tne  sus- 
pended bridge,  on  the  other  hand,  is  distinguished  by  the  light- 
ness of  its  structure,  and  the  apparent  boldness  of  its  design. 

But  malleable  iron  possesses  a  peculiar  advantagi^  in  its  tena- 
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city ;  It  stretches  long  before  it  actually  breaks ;  it  begins  to 
stretch,  indeed,  with  about  one-third,  or,  at  most,  one-haif  of 
the  weight  which  would  tear  it  asunder ;  and,  as  it  is  unsafe  to 
load  it  with  any  more  than  this  third  or  half  of  its  utmost 
strength,  at  least  if  we  wish  to  give  perraatnence  to  the  structure, 
this  circumstance  ensures  the  highest  degree  of  security  that  can 
be  desired  :  for  even  if  the  strength  of  the  iron  should  happen 
to  be  estimated  too  low,  which,  however,  cannot  take  place,  if 
we  are  careful  to  prove  each  link  of  the  chains  before  they  are 
put  together ;  but  should  this  improbability  even  occur,  and 
should  the  load,  for  example,  of  an  assembled  multitude  begin 
to  stretch  the  chains,  this  circumstance  could  not  fail  to  be  ol> 
served.  The  sinking  of  the  roadway  would  signify  the  ap- 
proach ofdangerlong  before  anyaccident  could  happen  :  so  that 
if  the  structure  be  combined  with  proper  attention  and  skill, 
the  actual  breaking  of  the  chains  is  a  contingency  which  cannot 
take  place  by  any  possible  concurrence  of  accidents. 

In  such  bridges,  then,  it  appears  the  utmost  security  is  ob- 
tained in  the  arch  itself,  by  proving  carefully  the  strength  of 
every  bar  or  bolt  of  iron,  of  which  the  main  chains  are  com- 
posed, and  also  of  every  joint  or  fastening,  by  which  these  de- 
tached bars  or  piecesare  united  into  one  greatsuspending  chain, 
reaching  from  end  to  end  of  the  bridge,  there  passing  over  its 
supporting  pillars,  and  terminaung  in  the  ground,  on  each  side. 
By  thus  knowing  exactly  how  much  each  chain  will  bear,  we 
obtain  a  safe  rule  for  applying  such  a  number  as  will  cover 

every  emergency.  .      ,    ,   .j  i    -j 

In  regard  to  the  towers  for  supporting  the  bridge  on  each  side, 
such  strong  and  substantial  pillars  ofstone  and  iron  can  be 
erected  for  this  purpose,  as  to  render  it  impossible  that  they 
should  be  crushed  under  the  load  they  have  to  sustain.  These 
can  be  founded  also  on  so  broad  and  ample  a  basis  of  pile-work 
as  to  prevent  them  from  sinking:  and,  lastly,  they  may  be  se- 
cured  at  the  bottom  by  such  sufficient  fastenings,  that  they  can- 
not  be  overset  by  any  external  force  or  violence  to  which  they 

are  ever  likely  to  be  exposed,  ,    .       ,  ,  .  j 

To  secure  the  extremities  of  the  chains,  these  can  be  carried 
so  deeply  under  ground,  and  there  bound  securely  to  a  platform 
of  pile-work,  so  firmly  and  deeply  rooted  into  the  soil,  and  so 
heavily  loaded  with  stones  or  gravel,  that  the  chains  themselves 
would  be  torn  in  pieces  before  the  load  which  stretches  them 
could  either  disengage  the  fastenings,  or  puU  up  the  piles.  In 
all  these  cases,  it  is  only  necessary  to  know  exactly  the  load 
which  is  ever  likely  to  be  laid  on  the  bridge,  or  the  nature  of 
any  external  violence  which  may  be  apprehended,  and  to  guard 
th4e  vulnerable  pointe  of  the  structure,  by  a  degree  of  strength 
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in  the  several  constructions,  proportioned  to  the  strain  which 
each  has  to  bean 

Next,  however,  to  the  perfect  security  of  every  part  of  the 
bridge,  we  must  look  to  the  accommodations ;  and  in  this  respect 
the  suspended  bridge  is  every  way  on  a  par  with  the  common 
bridge,  Excepting  that  the  flexibility  of  the  arch  subjects  it  to  a 
certain  unsteadiness,  which,  in  someofthese  structures,  has  been 
felt  as  an  inconvenience.  This,  however,  has  chiefly  arisen  frbm 
want  of  the  proper  means  having  been  taken  to  prevent  it. 

In  the  erection  of  a  suspended  bridge,  the  first  object  is  to  as- 
certain the  utmost  strain  to  which  the  chains  will  ever  be  sub^ 
jected.  The  strain  arises  from  the  weight  of  the  roadwajr,  and 
of  any  load  of  carriages  or  people  that  may  be  laid  upon  it,  to- 
gether with  the  weight  6f  the  rods  by  which  it  is  suspended 
from  the  main  chains,  and  also  the  weight  of  those  chains  them- 
selves ;  each  and  all  of  these  together  being  sustained  by  the  co- 
hesive strength  of  the  iron,  of  which  those  principal  chains  are 
composed,  and  which  is  stretched  in  every  part  of  it,  exactly  as 
if  thechatn  were  hung  pei^^endicularly ,  and  a  weight,  correspond- 
ing to  the  strain  on  the  bridge,  suspended  at  its  lower  extremity. 
It  is  of  the  first  importance,  therefore,  to  kttow  the  total  amount 
of  all  these  different  weights,  that  we  may  be  able  to  apply  a 
chain,  whose  collective  strength  may  be  amply  suflicient  to  sus- 
tain it  perirtaneritly,  without  stretching  or  altering,  by  the  strain, 
the  natural  texture  of  the  metal.  In  the  bridge  now  designed, 
the  roadway  is  to  be  30  feet  wide,  28  feet  clear  of  the  chains  and 
side-rails,  and  20  feet  clear  of  the  two  footpaths,  eadi  of  which, 
therefore,  is  (our  feet  wide.  For  the  support  of  the  roadway, 
there  are  to  be  only  tWo  sets  of  main  chains,  one  at  each  side  of 
the  bridge,  and  running  in  a  line  above  the  outside  of  the  foot- 
path, and  above  the  side-rails ;  so  that  between  the  opposite  rail- 
ings of  the  bridge  all  is  clear  foot  and  carriage  way,  the  foo^■ 
paths  being  only  raised  above  the  carriage  way,  and  protected 
from  the  encroachment  of  carriages,  by  sliort  iron  posts  planted 
ttt  convenient  distances,  and  connected  together,  if  necessary, 
by  a  chain,  over  which  one  may  easily  step. 

Mr.  B.  proposes  making  the  roadway  wholly  of  iron,  con- 
sisting of  a  series  of  iron  plates,  supported  on  a  (Vame-work 
below,  and  covered  above  with  a  coat  of  gravel  or  small  metal, 
four  inches  thick,  or  more.  The  weight  of  the  iron-work  in 
the  plates,  frames,  side-rails,  suspending  and  cross  rods,  and, 
in  short,  all  the  iron-work  supported  by  the  chains  together,  he 
estimates  at  iBo  tons,  and  the  weight  of  four  inches  thickness 
of  gmvel  at  220  ton«.  ' 

The  greatest  load  that  can  ever  be  laid  on  the  bridge  is 
trhfen  it  is  crowded  with  people,  ami  Mr.  B*  estimates  the  ut- 
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most  miniber  that  it  will  teld  it  7odoVwhichi»  more  than  balf 
the  \rbole  inhabitants  of  the  town.  Suppose  each  perBOn  ISOIb., 
or  1 2  stones  and  upwards,  the  total  will  be  nearly  470  tons 
weight.  The  weight  of  the  chains  themselves  will  be  100  tons, 
so  that,  on  the  whole,  in  the  most  extreme  case  that  can 
occur,  we  shall  have  loading  and  straining  every  inch  of  the 
chains,— -^viz. 

Iron  in  roadway  and  in  suspending  rods»  180  tons* 

Gravel,         .        «        .        .        .  «^20 

People,  -        -        -        •        •  470 

CbaJBs,  «        .        •        .        «  100 

Total,  d70  tons. 

We  shall  be  enabled  to  lay  this  great  load  upon  the  chains 
with  perfect  safety,  from  the  circumstance,  that,  owing  to  the 
deepness  of  the  curve,  this  load  will  produce  no  undue  strain 
upon  the  arch ;  it  will  just  stretch  the  chains  as  if  they  had  been 
hun^  perpendicularly,  and  the  weight  suspended  by  their  ex- 
tremities. In  the  middle  of  the  arch,  indeed,  the  strain  on  the 
chains  will  scarcely  be  so  much  as  this.  This  advantage  is 
owing  entirely  to  the  height  of  the  towers ;  for  had  these  been  so 
low  as  those  of  the  Tweed  bridge,  compared  with  its  span,  the 
weight  of  the  roadway  would  have  produced  on  the  chains, 
owing  to  the  flatness  of  the  arch,  a  strain  almost  double  that  of 
their  natural  weight,  and  the  carriages  and  people  would  all 
of  them  have  produced  an  augmented  strain  in  proportion ;  so 
that,  instead  of  1000  tons,  we  should  have  had  a  strain  of 
nearly  !2000  tons  on  every  inch  in  the  length  of  the  chains  from 
pillar  to  pillar,  and  from  thence  to  the  ground  *. 

*  This  circumstance  of  the  strain  on  the  chains  varying  with  the  depth  or  flatness 
of  the  arch^  even  though  the  natural  weight  hanging  upon  them  be  in  either  case  the 
same,  arises,  it  is  well  known,  from  the  principle  of  oblique  action. 

When  a  rope  or  chain  hangs  perpendicular,  and  carries  a  weight  at  its  extremity,  it 
is  evidently  stretched  by  a  force  exactly  equal  to  the  weight  itself,  because  the  cohesive 
strength  of  the  rope  being  always  exerted  lengthwaj's,  this,  when  the  rope  hangs  per^ 
pendicular,  is  directly  opposed  to  the  gravitating  action  of  the  weight,  and  these  op» 
posite  forces  producing  an  equilibrium,  must  necessarily  be  equal.  But  when  the  rope 
IS  made  fast  at  its  extremities  to  two  opposite  points  of  suspension,  and  the  weight  sus- 
pended between  them,  the  case  is  quite  different :  Here  the  rope  cannot  hang  veriicttUy^ 
as  before,  but  branches  off  from  the  point  where  the  weight  is  attached  towards  each 
]point  of  suspension.  It  thus  divides  itself  into  two  distinct  portions,  each  of  which  now 
bears  its  share  of  the  load : — and  the  weight  being  thus  sustained  by  two  ropes  instead 
of  one,  this,  it  may  be  imagined,  should  reduce  the  strain  upon  each  one-half,  and  so 
it  undoubtedly  would,  if  each  rope  were  to  hang  perpendicular.  If  the  points  of  sus*- 
pension  were  brought  together,  and  the  rope  thus  merely  doubled^  then  it  is  evident 
that  each  half,  as  it  would  only  bear,  so  it  would  only  be  strained  with,  the  half  of  the 
weight  But  wbe»  tiw  points  of  suspensbn  are  removed  from  eiaeh  other,,  and  the  rope 
•pant the Intermediste  distance,  then  the  case  is quiti^  different;  since  the  rope  instead 
of  hanging  verUcaUy,  must  inolint  from  th6  pointa  of  siMpension  towards  the  point 
wb«t  the  weight  is  atUched.    But  as  the  wdght  cbntinues  to  dr«w  directly  down. 
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Good  English  iron  will  bear  for  any  length  of  time,  withoat 
stretching  or  altering  its  texture  in  any  respect^  at  least  8  tons 

wards,  and  the  rope  to  exert  its  strength  directly  lengthways,  the  forces  are  hence  no 
more  directly  opposed  to  each  otiier.  Each  branch  of  the  rope  bears  obliquely  upon 
its  object,  and  before  these  indirect  actions  can  become  a  match  for  the  weight,  which 
continues  invariably  to  draw  in  the  line  of  tlie  perpendicular,  they  must  necessarily  ac- 
quire additional  force,  in  proportion  to  their  obliquit}*.  If  the  rope,  then,  has  just 
strength  enough  to  bear  the  weight,  when  the  points  of  suspension  are  brought  toge- 
ther, it  will  be  sure  to  give  way  the  moment  they  are  separated ;  aud  if  it  has  sufficient 
strength  to  carry  the  weight,  notwithstanding  this  separation,  each  branch  will  yet  be 
strained  by  a  force,  depending  not  merely  on  the  wei<r|]t  itself,  but  also  on  the  obliquity 
of  the  rope;  the  more  oblique  this  i^  to  the  direction  of  gravity,  the  more  will  it  be 
strained,  accordmg  to  the  well  known  laws  of  oblique  forces. 

Such,  then,  is  the  reason  of  that  remarkable  strain  which  we  observe  in  flat  arches, 
whether  suspended  or  raised,  and  of  that  moderate  tension  or  compression  which  we  ob- 
tain  fay  increasing  the  depth  or  height  of  the  curve.  In  the  former,  the  arch  hangs  or 
stands  every  where  extremely  oblique  tu  the  direction  of  gravity ;  and  the  strain  thoe- 
fore,  on  every  part  of  it,  must  greatly  exceed  the  natural  weight  which  it  supports. 
la  deeper  or  higher  curves,  again,  the  arch  hangs  or  stands  less  oblique  to  the  perpen- 
dicular :  the  forces  of  cohesion  or  of  compression,  and  the  force  of  gravity,  are  hence 
more  directly  opposed  to  each  other,  and  are  therefore  more  nearly  equal.  In  these 
cases,  the  weight  is  no  doubt  disposed  over  the  whole  length  of  the  arch,  instead  of 
being  accumulated  in  the  centre ;  but  the  effect  of  (his  is  merely  to  alter  the  figure  of 
the  curve  of  equilibrium,  in  every  part  of  which,  however,  the  strain  still  invariably  de- 
pends on  the  two  circumstances  already  mentioned,  namely,  the  weight  which  that  part 
sustains,  and  its  obliquity. 

Whatever  be  the  disposition  of  the  load,  the  strain  on  the  arch  /)f  a  suspended  bridge 
maybe  easily  determined  by  two  simple,  but  important  considerations:  1st,  In  the 
middle  or  lowest  part  of  the  curve,  the  strain  in  different  arches  increases  exactly  as 
their  depth  is  diminished,  and  diminishes  exactly  as  their  depth  is  increased,  supposing 
the  span  to  remain  the  same.  In  other  words,  this  strain  is  inversely  proportional  to 
the  depth,  or  versed  sine  of  the  curve :  Secondly,  When  the  depth  is  the  eighth  part 
of  the  span  of  the  arch,  then  the  strain  in  the  centre  isexactly  equal  to  the  whole  weight 
of  the  bridge.  In  every  arch,  then,  if  the  depth  exceed  the  eighth  part  of  the  span, 
the  strain  in  the  centre  will  be  proportionally  less  than  the  natural  weight  of  the 
bridge ;  and  if  the  depth  be  less  timn  the  eighth  pnrt  of  the  span,  this  strain  will  be  in 
the  same  proportion  greater  than  the  natural  weight.  So  that,  in  general,  if  the  depth 
be  the  nth  part  of  the  span,  then  in  every  case  the  strain  in  the  centre  will  be  equal  to 
the  whole  weight  of  the  chains  and  roadway,  augmented  or  diminished  in  the  ratio  of 
8  ton.  Suppose,  for  example,  the  depth  to  be  the  1 6th  part  of  the  span,  then  n==\6, 
and  the  ratio  of  8  to  n  or  8  to  1 6,  is  the  same  as  that  of  I  to  2.  In  the  centre,  then, 
the  arch  will  be  strained  with  a  force  equal  to  douLle  the  natural  weight  of  the  bridge. 
Suppose,  again,  the  depth  equal  to  one-fourth  of  the  span,  then  n^ -4  and  the  ratio  of 
8  to  »  or  8  to  4,  is  the  same  as  that  of  2  to  I,  or  one  to  ^  so  that  here  the  horizontal 
tension  is  only  the  half  of  the  weight  of  the  bridge.  Let  W  denote  the  weight  of  the 
bridge  and  its  load,  and  T  the  strain  in  the  lowest  part,  or  the  horizontal  tension, 

then  T«  -— -. 

o 

The  horizontal  ten.sion,  or  the  strain  in  the  centre,  is  less  than  the  strain  on  any 

other  point,  as  this  increases  gradually  towards  the  points  of  suspension,  where  it  isgreat- 

est  of  all.    To  find  the  strain  there,  however,  we  have  only  to  add  to  the  horizontal 

tension  the  nth  part  of  the  weight  of  the  bridge;  so  that,  if  f  denote  the  strain  at  the   , 

.       -  »W     W 

pomt  of  suspension,  ^a—  ^  — . 

o  ft 

The  arch  of  the  chains  is  usually  considered  as  a  catenary  curves  and  even,  in  this 
view  the  above  propositions  are  sufficiently  near  the  truth  for  practical  purposes ;  for 
when  the  depth  is  the  eighth  of  the  span,  the  strain  in  the  centre,  calculated  in  this 
manner,  is  only  about  ^tli  part  too  little.    But  they  will  be  found  much  mure  exact. 


BRIDOIt:  OF  SUSPENSION.  139 

of  8t)*ain  upon  every  square  inch.  Experiments  differ  in  some 
degree  as  to  this  particular,  some  carrying  the  strength  much 
higher ;  but  Mr.  Buchanan  takes  the  lowest  estimate.  We 
may  safely  assume  the  strength  at  S  tons  to  the  inch,  which  is 
the  lowest  estimate,  and  which  is  onJy  one  third  of  what  the 
iron  really  will  bear  without  breaking,  as  it  takes  from  20  to 
30  tons  to  tear  it  asundei*.  Suppose^  then,  that  the  bridge  is 
strained  with  the  utmost  load  of  carriages  and  people  that  can 
ever  be  laid  on  it,  Mr.  B.  proposes  having  such  a  thick- 
ness of  iron  from  pillar  to  pillar  to  support  this  loadj  that  no 
part  of  it  will  ever  be  stretched  with  a  iorce  of  more  than  8  tons 

if  we  consider  that,  in  suspended  bridges,  the  curve  is  in  general  much  nearer  to  a  para^ 
bola  than  to  a  catenary,  as  the  level  roadway  tends  always  to  bring  it  nearer  to  this 
Utter  figure,  in  proportion  as  its  weight  exceeds  that  of  the  chains.    Tlie  arch,  in  fact, 
18  only  a  catenary,  if  we  suppose  the  weight  of  the  roadway  to  be  as  nothing,  compared 
with  that  of  the  chains ;  and  it  is  an  exact  parabola  again,  when  the  weight  of  the 
chains  is  as  nothing  compared  with  that  of  the  roadway ;  and  the  latter  is  in  general  by 
much  the  nearest  to  the  true  state  of  the  case.     In  the  bridge  above  proposed,  the 
weight  of  the  roadway  it&elf  is  four  times  that  of  the  chains,  and,  when  loaded  to  it^ 
utmost,  it  is  ten  times  greater.     This  consideration  is  ot  importance  in  practice,  much 
embarrassment  having  been  fell  in  loading  the  bridge  with  its  roadway,  by  the  weight 
gradually  altering  the  figure  of  the  curve :  and  this  will  always  take  place  if  the  lengths 
of  the  suspending  rods  be  drawn  to  the  curve  of  the  catenary.     As  the  progress  of 
loading  proceeds,  the  figure  of  the  arch  will  change,  the  roadway  will  be  drawn  off  its  level, 
the  suspending  rods  off  the  perpendicular,  and  the  whole  structure  will  be  distorted,  . 
besides  that  difierent  parts  of  it  will  be  strained  beyond  what  they  are  intended  to  bear. 
To  avoid  such  evils,  the  length  of  the  suspending  rods  must  be  calculated  by  that 
figure  to  which  the  weight  of  the  roadway  will  finally  bring  the  chains ;  and,  for  this 
purpose,  the  curve  of  permanent  equilibrium  cannot  be  too  nicely  investigated.    But 
for  calculating  theleastand  greatest  strains  in  the  arch,  we  may,  witliout  sensil>Ie  error, 
assume  it  as  a  parabola.  Now,  in  all  these  funicular  curves,  whether  catenary,  parabola,  or 
any  other  figure,  it  is  a  general  property  that  the  horizontal  tension  is  proportional  to  the 
radius  of  curvature  at  the  vertex ;  ai>d  is,  in  every  case,  equal  to  the  weight  of  as  much 
of  the  curve  as  is  equal  to  the  radius  of  curvature  in  length,  and  of  the  same  thickness 
or  cross  section  as  the  curve  at  the  vertex.    But  the  radius  of  curvature  of  the  parabola 
at  the  vertex  is  just  half  the  parameter :  and  hence  from  the  equation  of  this  curve 

^a^jr,  we  deduce  T,  the  horizontal  tension  Ts^as—.     But  y  is  half  the  span 

of  the  arch  s£J^,S  denoting  the  span,  and  jr  is  its  depth   or  versed  sme»<?;  hence 

T=— .  Letdnowl«=-,  and S=r»Mf,  then  T=—V-«--.      But  S  denotes  the 
8rf  fi  8rf         8 

weight  of  a  part  of  the  bridge,  equal  to  the  span  in  length,  and  having  every  where 
the  same  cross  section  as  the  chains  and  roadway  in  the  middle ;  and  this  is  evi- 
dently within  a  mere  trifle  of  the  whole  weight  of  the  bridge,  only  falling  short  of  it  by 
the  weight  of  a  part  of  the  chains,  equal  iu  length  to  the  difference  between  the  arch  and 
the  span,  and  which  will  not,  in  general,  amount  to  the  'iOOth  or  400th  part  of  the 
whole  weight.  For  S,  therefore,  we  may  safely  substitute  W,  and  this  gives  the  formula 

— p,  already  stated. 

o 

For  further  information  on  the  subject  of  the  catenary,  see  Professor  Leslie's  Geo- 
metry of  Curve  Lines,  and  Elemenu  of  Natural  Philosophy,  where  the  strain  in  the 
lowest  part  of  the  catenary  is  expressed  by  a  very  simple,   yet  tolerably  accurate 

formuUt  y\z»  ~,4-  •;»  6  denoting  the  8paif»  and  d  the  depression. — See  also  Dr.  Gce- 
8a      6 

gory*i  Common- Phce  Book,  pa.  177,  See,  and  pp.  164 — 167.  tol  L  of  this  work. 
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to  the  inch  I  and  thus  it  will  endure,  not  only  for  the  moiAent 
during  which  this  extraordinary  strain  is  ever  likely  to  take 
place,  but  although  it  were  continued  for  any  length  of  time  ; 
so  that  any  notion  of  danger  from  the  utmost  load  to  which  it 
can  ever  be  subjected  seems  totally  out  of  the  question ;  and 
much  less  can  any  hazard  be  incurred  from  the  every  day  trat 
fie  on  the  bridge.  The  thickness  of  iron  required  for  this  pur- 

Eose  will  be  about  124  inches,  or  about  62  on  each  side  of  the 
ridge.  There  will  in  fact  be  less  strain  by  100  tons  in  the 
centre  of  the  arch  than  at  each  point  of  suspension,  and  the 
section  of  iron  will  require  to  be  varied  on  this  account;  but 
1 24  inches  is  the  average ;  and  could  we  stretch,  therefore, 
one  whole  arched  bar  oi  iron,  of  this  thickness,  from  pillar  to 
pillar,  and  from  thence  to  the  ground,  this  would  form  the 
most  perfect  suspending  arch.  But  this  is  impossible ;  such  a 
vast  mass  can  only  be  formed  by  uniting  small  pieces  together; 
and  it  is  of  importance  to  consider  what  is  the  most  convenient 
size  for  these  pieces.  In  the  Tweed  bridge,  the  chains  are 
formed  by  round  bars  or  bolts,  15  feet  long  each,  and  2  inches 
in  diameter,  each  weighing  about  2  cwt.  The  advantage  of 
these  large  and  heavy  bars  is,  that  they  save  joinings;  but  they 
are  attended  with  other  inconveniences,  which  more  than  coun- 
terbalance it.  Mr.  B.  prefers  bolts  of  smaller  diameter,  not 
exceeding  lA  inch ;  these  can  be  more  easily  procured,  are 
easier  wrought,  and  easier  put  together ;  so  that,  on  the  whole, 
they  are  attended  with  less  expense.  Another  advantage 
arises  from  the  sniallness  of  these  bars;  their  great  number 
enables  us  to  blend  together,  in  every  part  of  the  compound 
chain,  the  various  qualities  of  the  iron ;  so  that  if  some  bars 
should  be  below  their  pr(q)er  strength)  others  will  be  as  much 
above  it,  and  the  collective  strength  of  the  whole  will  still  be  in 
every  part  of  the  arch  rather  above  than  below  the  standard. 
A  greater  number  of  joints  will  no  doubt  be  required  for  the 
small  bars ;  but  this  is  a  matter  of  little  importance,  more 
especially  as  these  can  be  made  of  so  simple  a  construction  that 
the  bars  can  be  put  together  and  taken  to  pieces  again  with  the 
greatest  facility. 

The  following  is  an  abridged  account  and  estimate  of  the 
dimensions  and  structure  of  the  proposed  bridge. 

Span  of  the  arch,  or  length  between  suspending  pillars,  420 
feet. 

Versed  aine^  or  depth  of  the  arch,  equal  to  the  height  of  the 
pillars  above  roadway,  60  feet. 

Main  Chains. — One  compound  chain  on  each  side  of  the 
bridge,  consisting  of  SS  single  chains,  running  parallel  to  eadi 
otbef)  and  ranged  in  a  compact  square,  6  broad  and  6  deep* 
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Each  single  chain  is  1^  inch  diameter ;  each  compound  chain 
has  thus  a  thickness  or  cross  section  of  63|^  square  inches,  and 
both/ together  127  inches.  The  single  chains  are  formed  of 
bolts  15  feet  long,  upset  and  shouldered  at  each  end,  and 
coupled  together  with  cast-iron  coupling  blocks  4  inches 
diameter ;  the  strength  of  each  bolt  and  coupling  being  care* 
fully  proved  to  eight  or  ten  tons  on  the  square  inch, 

Moadway,--^^0  feet  wide;  2S  feet  clear  of  chains  and  side 
rails ;  and  20  feet  clear  of  footpaths,  each  of  which  is  4  feet 
wide.  Roadway  laid  with  gravel  or  metal  4  or  6  inches  deq> ; 
this  laid  on  cast.iron  plates  4  inch  thick;  these  supported  OQ 
malleable  iron  joisting  frames,  crossing  under  the  bridge  at 
every  5  feet  in  its  length,  each  34  feet  deep  in  the  middle^  aod 
well  trussed  in  every  part:  these  frames  united  and  strengths 
ened  by  malleable  iron  plates,  2  feet  deep,  running  longi^ 
tudinaliy  the  whole  length  of  the  bridge  standing  upright,  wd 
by  their  depth  giving  stiffness  to  the  roadway. — i>ee  PUXLK. 

Suspending  Rods. — These  are  formed  of  |th  inch  bolts,  and 
are  placed  two  tc^ether  on  each  side  of  the  bridge,  and,  at 
every  5  feet  in  its  lengthy  attached  to  a  socket  in  the  suspendr 
ing  nrames  below,  and  to  a  coupling  above,  which  is  attached 
to  the  chains,  and  binds  them  all  into  one  mass«  Similar  rodi^ 
run  horizontally  from  the  chains  to  the  ptUars,  and  thence  to 
the  descMiding  chains.:  these  serve  to  keep  the  arch  of  the 
chains  steadily  in  its  place,  and,  interweaving  with  the  upright 
rods,  they  cpmmunicate  a  remarkable  strength  and  steadiness 
to  the  whole  structure.  ^ 

jPi/&fr«.— These  are  four  in  number,  two  at  each  end  qf  the 
bridge;  each  consists  of  a  pyramid,  4^  feet  square  at  t(^,  9 
feet  at  bottom,  and  50  feet  high,  resting  ou  a  pedestal  ]  1 
feet  square  and  11  feet  high,  and,  the  bottom  of  which  is  XovfA 
with  the  roadway  of  tlie  bridge.  This  pedestal  rests  on  a  pier 
of  stone,  12  feet  square  at  top^  and  tw^ity  feet  square  at  botf 
torn,  built  on  the  site  of  the  present  pier :  the  bottom  is.  on  a 
level  with  low  water-mark,  and  founded  on  a  strong  basis 
of  planking  and  piles.  The  pyramid  is  composed  of  iron  platefs 
4.  inch  thidc,  cast  with  flanches,  and  bolted  and  rusted  toge*- 
tiber  into  one  mass,  the  hollow  within  being  built  up  with  stoiMt. 
Thepedestal  is  either  formed  in  the  same  manner,  or  wholly  of 
atone.  The  base  or  pier  below  is  built  of  ashler,  and  put  t»- 
^ether  in  the  strongest  manner.  The  prj/ramid  is  bolted  to  «ji 
iron  plate  or  frame  resting  on  the  top  01  the  pisdestal,  this  tQ,  n 
sisuilar  pkte  belo#  the  bottom  of  the  pedestal,  and  this,  agaim 
to  the  platform  on  the  top  of  thepiles^ — so  that  one  connected 
chain  of  iron  runs  from  top  to  bottom  of  tins  compound  pillar, 
and  bind^  the  whole  into  one  mas& 
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Fastenings. — The  chains  are  made  fast  to  their  extremities 
each  to  a  cast  iron  bracket,  which  is  bohed  to  the  top  of  a 
wooden  platform,'  ^0  feet  square,  and  resting  and  firmly  at- 
tached to  a  series  of  piles,  driven  deep  and  firmly  into  the  soil 
below»  The  36  bolts  of  the  main  chain,  as  they  approach  this 
platform,  are  spread  out  from  their  compact  square  of  %  feet 
to  cover  the  above  platform  of  20  feet  square,  and  each  is  then 
attached  to  its  bracket.  The  platform  is  then  loaded  with 
sand,  or  gravel,  till  the  incumbent  weight  amounts  to  at  least 
SOO  or  loOO  tons  on  each  end  of  the  bridge;  this  being  the 
greatest  weight  the  bridge  itself  will  have  to  sustain. 

Strength, — The  bridge  will  carry,  with  perfect  safety,  7000 

[)eople  in  addition  to  its  own  weight ;  and,  with  this  great 
oacl,  no  part  of  the  chains  will  be  stretched  with  a  greater 
strain  than  8  tons  on  a  square  inch,  which  it  is  well  known 
common  iron  will  bear  with  the  utmost  safety,  but  which,  every 
bar  will  be  proved  to  before  it  goes  into  the  bridge. 
Expense. — Estimated  at<£l2,64S. 

CAMEL  is  the  name  given  to  a  machine  employed  by  the 
Dutch  for  carrying  vessels  heavily  laden  over  the  sand-banks  in 
the  Zuyder-Zee.  In  that  sea,  opposite  to  the  mouth  of  the 
river  i,  about  six  miles  from  the  city  of  Amsterdam,  there  are 
two  sand -banks,  between  which  is  a  passage  called  thePampus, 
sufficiently  deep  for  small  vessels,  but  not  for  those  which  are 
large  and  heavily  laden.  On  this  account,  ships  which  are  out- 
ward bound  take  in  before  the  city  only  a  small  part  of  their 
cargo,  receiving  the  rest  when  they  have  got  through  the  Pam- 
pus  ;  and  those  that  are  homeward  bound  must,  in  a  great 
measure,  unload  before  they  enter  it.  For  this  reason  the  goods 
are  put  into  lighters,  and  in  these  transported  to  the  warehouses 
of  tne  merchants  in  the  city ;  and  the  large  vessels  are  then 
made  fast  to  boats,  by  means  of  ropes,  and  in  that  manner 
towed  through  the  passage  to  their  stations. 

Though  measures  were  adopted  so  early  as  the  middle  of  the 
sixteenth  century,  by  forbidding  ballast  to  be  thrown  into  the 
Pampus,  to  prevent  the  further  accumulation  of  sand  in  this 
passage,  that  inconvenience  increased  so  much  from  other  catises 
as  to  occariou  still  greater  obstruction  to  trade ;  and  it  at  length 
became  impossible  for  ships  of  war,  and  others  heavily  laden,  to 

fet  through  it.  About  the  year  1672  no  other  remedy  was 
nown  than  tliat  of  making  fast  to  the  bottoms  of  ships  large 
chests  filled  with  water,  which  was  afterwards  pumped  out ;  so 
that  the  ships  were  buoyed  up,  and  rendered  sufficiently  light 
to  pass  the  shallow,  by  this  method,  which  was  attended 
witn  the  utmost  difficulty,  the  Dutch  carried  out  their  numerous 
fleet  to  sea  in  the  above  mentioned  year.  This  plan,  however. 
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gave  rise  soon  nfter  to  the  invention  of  the  cameli  by  which 
the  labour  was  rendered  easier. 

The  camel  consists  of  two  half  ships,  constructed  in  such 
a  manner  as  they  can  be  applied  below  water,  on  each  side  of 
the  hull  of  a  large  vessel.  On  the  deck  of  each  part  of  the 
camel  are  a  great  many  horizontal  windlasses,  from  which  ropes 
proceed  through  apertures  in  the  one  half,  and,  being  carried 
under  the  keel  of  the  vessel,  enter  similar  apertures  in  the 
other,  from  which  they  are  conveyed  to  the  windlasses  on  its 
deck.  When  tbey  are  to  be  used,  as  much  water  as  may  be 
necessary  is  suffered  to  run  into  diem ;  all  the  ropes  are  cast 
loose,  the  vessel  is  conducted  between  them,  and  large  beams 
are  placed  horizontally  through  the  port->holes  of  the  vessel, 
with  their  ends  resting  on  the  camel  on  each  side.  When  the 
ropes  are  made  fiist,  so  that  the  ship  is  secured  between  the  two 
parts  of  the  camel,  the  water  is  pumped  from  them ;  by  which 
means  they  rise,  and  raise  the  ship  along  with  them.  Each 
half  of  the  camel  is  often  about  12  7  feet  in  length ;  the  breadth 
at  one  end  is  S£,  and  at  the  other  13.  The  hold  is  divided 
into  several  compartments,  that  the  machine  may  be  kept  in 
equilibrio  while  the  water  is  flowing  into  it.  An  East  India 
ship  that  draws  15  feet  of  water  can,  by  the  hdp  of  the 
camel,  be  made  to  draw  only  )  1 ;  and  the  heaviest  ships  of  war, 
of  90  or  100  guns,  can  be  so  lightened  as  to  pass,  without  ob« 
struction,  all  tlie  sand-banks  of  the  Zuyder  Zee. 

Leupold,  in  chap.  6.  of  his  Theatrum  Machinammf  published 
in  1725,  at  Leipsick,  describes  this  machine  under  the  head 
Beschreibung  dtr  se  genarmten  Camele  zu  Amsterdam^  uomit 
die  bifrachten  Schiffe  iiber  dem  Pampus  gebracht  werden,  and 
says  it  was  invented  by  Cornelius  Meyer,  a  Dutch  enjpneer. 
But  the  Dutch  writers  almost  unanimously  ascribe  this  inven- 
tion to  a  citizen  of  Amsterdam,  called  Meuves  Meindertszoon 
Bakker. 

As  ships  built  in  the  Neiva  cannot  be  conveyed  into  harbour, 
on  accouBtof  the  sand-banks  formed  by  the  current  of  that 
river,  camels  are  employed  also  by  the  Russiai;is,  to  carry  ships 
over  these  shoals :  andth^  have  them  of  variousuzes.  Bernoulli 
saw  one,  each  half  of  which  was  217  feet  long,  and  36  broad. 
Camels  are  used  likewise  at  Venice.  An  engraving  of  the  camel 
may  be.  seen  in  IJAti  de  bafir  les  yaiss^amc^  Amsterdam, 
1719,  4to.  vol.  ii.  p.  93. 

CANALS,  motion  ofwcder  in.    See  Stream. 

CAPSTAN,  a  lar^  massy  column,  shaped  like  a  truncated 
cone,  placed  perpendicularly  on  the  deck  of  a  ship,  and  turned 
by  levers  or  bars,  which  pass  through  holes  pierced  in  itsuoper 
extremity ;  serving,  by  means  of  a  cable  which  winds  rpund  the 
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barrd,  to  draw  up  burdens  fastened  to  the  end  of  the  cable. 
The  power  of  this  machine  in  its  simple  state  is  manifestly 
reducible  to  that  of  the  axis  in  peritrochio.  There  is  frequently 
attached  to  it  a  tackle  of  pulleys,  but  the  ingenious  contrivance 
described  in  art.  4.  of  the  introductory  part  of  this  volame  is 
far  preferable.  ' 

CELLAR  CRANE,  a  machine  represented  in  %•  6.  pi.  VI. ; 
and  is  very  useful  to  wine  merchants,  brewers,  &c.  in  drawing 
up  and  letting  down  casks  full  of  wine,  beer,  &c.  It  saves  tfae 
trouble  and  inconvenience  of  horses,  and  in  many  places  can  be 
used  where  horses  could  not.  a  a  are  two  wooden  props,  about 
6  feet  in  height,  and  jointed  together  like  a  ruler  atB.  They 
are  connected  to  each  other  by  an  iron  round  bar  (*,  and  woodea 
bar  at  the  bottom  b.  The  iron  prongs  sk  fasten  the  upright* 
steadily  to  the  edge  of  the  cellar ;  f  is  the  axis  round  wbicb  two 
ropes  are  coiled,  the  ends  of  which  are  fastened  to  the  two 
clamps  QG.  On  the  axis' f  is  fixed  the  iron  wheel  h,  of  3  feet 
in  diameter :  in  the  teeth  of  this  works  the  pinion  T,  of  about  6 
or  7  inches  in  diameter,  and  is  turned  by  the  handle  at  k. 

It  is  evident,  by  a  bare  inspection  of  the  figure,  that  when  the 
two  ropes  are  slipt  over  the  ends  upon  the  barrel,  either  at  the 
top  or  bottom  of  the  cellar,  by  turning  of  the  winch  k  towards 
or  from  the  operator,  the  barrel  can  be  safely  and  expeditiously 
taken  out  or  lowered  down.  When  the  crane  is  don6  with,  it 
shuts  up,  by  unscrewing  the  nut  b,  taking  the  wheel  and  axis 
away  out  of  the  loops  at  l,  and  folding  the  sides  at  a  together, 
like  a  jointed  rule ;  it  may  then  be  tidLen  away  in  a  cart  or 
dray,  or  taken  in  the  men^s  hands. 

CENTRIFUGAL  pump,  a  very  curious  machine,  invented 
by  Mr.  Erskine,  for  raising  water  by  means  of  a  centrifugal 
force  combined  with  the  pressure  of  the  atmosphere.  It  con^ 
sists  of  a  large  tube  of  copper,  &c.  in  the  form  of  a  cross, 
which  is  placed  perpendicularly  in  the  water,  and  rests  at  the 
bottom  on  a  pivot.  At  the  u{^er  part  of  the  tube  is  an  hori- 
zontal cog-wheel,  which  touches  the  cogsof  another  in  a  vertical 
position ;  so  that  by  the  help  of  a  double  winch  the  wbole  ma* 
chine  is  moved  round  with  very  great  velocity.  Near  the  bottom 
of  the  perpendicular  part  of  the  tube  is  a  valve  opening  up* 
wards ;  and  near  the  two  extremities,  but  on  the  contrary  side 
of  the  arms  or  cross  part  of  the  tube^  are  two  other  valves 
opening  outwards.  1  hese  two  valves  are,  by  the  assistance  of 
spring,  kept  shut  till  the  machine  is  put  in  motion,  when  the 
centrifugal  velocity  of  the  water  forces  them  open,  and  dis- 
charges itself  into  a  cistern  or  reservoir  placed  there  Ibr  that 
purpose  On  the  upp«r  part  of  the  arms  are  two  holes,  which 
are  dk^sed  by  piecea  screwed  into  the  metal  of  the  tube.  Befbrs 
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the  machine  can  work,  those  holes  must  be  ofieneil,  ami 
water  poured  in  through  them,  till  the  whole  tube  be  full ;  by. 
these  means  all  tlie  air  will  be  forced  out  of  the  machine,  and  the 
water  supported  in  the  tube  by  means  of  the  valve  at  the  bottom. 
The  tube  being  thus  filled  with  water,  and  the  holes  closed 
by  the  screw-caps,  it  is  turned  round  by  means  of  the  winch, 
when  the  water  in  the  arms  of  the  tube  acquires  a  centrifugal 
force,  opens  the  valves  near  the  extremities  ot  the  arms,  and  mes 
out  with  a  velocity  nearly  equal  to  that  of  the  extremitien  of  the 
said  arms.  The  theory  of  this  pump  may  be  seen  in  art«.  537| 
538,  of  our  first  volume. 

CHUCK,  UNIVERSAL.      See  TURNING. 

CHUR  N ,  a  well-known  vessel  in  which  butter,  by  long  and 
violent  agitation,  is  separated  from  the  serous  part  of  the  milk. 

The  inferiority  of  the  churns  in  common  use  has  induced 
several  ingenious  mechanics  to  exert  their  skill  in  contriving 
othei-s  that  would  render  the  process  of  making  butter  less 
tedious  and  expensive.  Of  these,  one  of  the  most  valuable  is 
Mr.  Wdliam  Bowlei\  improved  churn,  with  which  the  Society 
for  the  Encouragement  of  Arts,  &c.  were  so  well  satisfied  as  to 
present  the  inventor  with  thirty  guineas.  As  it  renders  the 
operation  of  churning  far  less  fatiguing,  and  has,  besides,  some 
peculiar  advantages,  we  shall  subjoin  a  description. 

This  churn  is  of  the  barrel  kind,  being  a  cylinder  18  inches 
in  diameter,  and  9  wide;  the  sides  are  of  wood,  and  the  rim  a 
tin  plate,  which  has  two  openings,  one  8^-  inches  in  length,  and 
4  in  width,  through  which  the  cream  is  poured  into  the  churn, 
and  the  hand  introduced  for  cleaning  it ;  the  other  a  short 
pipe,  one  inch  in  diameter,  by  which  the  butter-milk  runs  out  of 
the  churn  when  the  operation  is  finished.  The  first  of  these 
openings  has  a  wooden  cover,  fastened  down  by  two  screws; 
and  the  other  a  cork  fitted  to  it,  while  the  butter  is  churning. 
There  is  further,  near  the  larger  opening,  a  small  vent-hole  with 
a  peg  to  admit  the  pa$S9ge  of  any  air  that  may  be  discharged 
from  the  cream  at  the  beginning  of  the  operation.  An  axle  also 
passes  through  the  churn,  terminating  in  two  gudgeons,  on  which 
it^hangs;  its  lower  part  b^ing  immersed  in  a  trough,  in  ord^r 
to  hold  occasionally  either  hot  or  cold  water,  according  to  the 
season  of  the  year.  On  the  inside  of  the  rim  are  four  project- 
ing pieces  of  wood,  with  holes  serving  to  agitate  the  cream  by 
the  motion  of  the  phurn.  The  movement  is  caused  by  a  pen^* 
dulum  3  feet  6  inches  long,  that  has  an  iron  bob  weighing  lOib^. 
and  at  its  upper  end  a  turning  pulley  10 inches  in  diameter, from 
which  a  rope  goes  twice  round  another  pulley  about  8  inches  • 
in  diameter  fixed  on  the  axis  of  the  churn,  which  it  causes  to 
make  a  partial  revolution  by  each  vibration  of  the  pendulum. 

VOL.  If.  I' 
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There  are  likewise  sliding  covers  to  the  machinery,  iand  an- 
other to  the  water  trough ;  in  order  when  hot  water  is  used,  to 
tecure  the  steam,  and  keep  the  cream  in  a  proper  degree  of 
warmth.  The  motion  of  the  pendulum  is  given  and  continued, 
"by  me^nsof  a  wooden  rod  about  S  feet  9  inches  in  length,  which 
turns  on  a  pin  8  inches  above  the  bob  of  the  pendulum.  If 
there  be  a  transverse  handle  at  the  upper  end  of  this  wooden 
rod,  a  boy  may  give  motion  to  the  churn  with  great  facility^ 
even  while  Brtt4ng;  the  action  being  then  much  like  that  of 
rowing,  one  of  the  most  advantageous  methods  of  apply itig 
liuman  force. 

AA,  fig  8,  pi.  XII.  is  the  body,  b,  an  opening  by  which  the 
cream  is  put  on.  c,  the  cover  of  the  large  openmg :  the  small 
hole  on  the  opposite  side  of  the  churn  cannot  be  shown  in  this 
view.  D,  the  gudgeon  ort  which  the  body  of  the  churn  hangs. 
^,  the  upper  or  larger  pulley,  f,  the  smaller  pulley  fixed  on  tnie 
4ixTg  or  gudgeon  of  the  churn,  gg,  the  rod  of  the  pendulum 
hanging  from  the  upper  pulley  e.  h,  the  bob  of  the  pendulum. 
IT,  the  handle,  moveable  on  a  pin  at  a,  by  which  the  pendulum 
4s  moved  to  and  fro,  making  a  traverse  in  form  of  the  dotted 
•line  KK.  L,  the  trough  for  the  hot  or  cold  water,  m,  a  pro- 
jecting piece  of  wood,  with  a  shoulder,  by  which  the  handle  i 
is  supported  when  the  churn  is  not  at  work. 

CLOCK,  a  machine  now  constructed  in  such  a  manner,  and 
so  regulated  by  the  uniform  motion  of  a  pendulum,  as  to  mea- 
sure time,  and  all  its  subdivisions,  with  great  exactness.  Before 
^tbe  invention  of  the  pendulum,  a  balance,  not  unlike  the  fly  of  a 
kitchen-jack,  was  used  instead  of  it.  Clocks  were  at  first  called 
nocturnal  dials,  to  distinguish  them  from  sun-dials,  which 
-showed  the  htJur  by  the  shadow  of  the  sun. 

The  invention  of  clocks  with  wheels  is  ascribed  to  Pacificus, 
archdeacon  of  Verona,  in  the  9th  century,  on  the  credit  of  an 
epitaph  quoted  by  Ughelli,  and  borrowed  by  him  froto  Pan- 
vmius.  Others  attribute  the  invention  to  Boethius,  ftbdut  the 
year  510. 

Mr.  Derham,  however,  makes  clock-work  of  a  much  older 
date ;  ranking  Archimedes  s  sphere,  mentioned  by  Claudian, 
and  that  of  Posidonius,  mentioned  by  Cicero,  among  machines 
of  this  kind  ;  not  that  either  their  form  or  use  was  the  same 
with  those  of  ours,  but  that  they  had  their  motion  from  some 
hidden  weights  or  springs,  with  wheels  or  pulleys,  or  some  sucK 
clock-work  principle. 

In  the  Disquisiticmes  Monastics  of  Benedictus  Haeften, 

Eublished  in  the  year  1644,  he  says,  that  clocks  were  invented 
y  Silvester  the  4th,  a  monk  of  his  order,  about  the  year  998,  as 
Ditbmarns  and  Bozius  have  shown ;  for  before  that  time  they 
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had  nothing  43tut  aun*cUftIs  and  clepsydrae  to  show  the  faour.-^ 
Conrade  Gesner,  in  his  Epitom€,page  604>  «ays,  that  RichArd 
.Wallingford,  an  English  abbot  of  St.  Alban's,  who  flourished 
in  the  year  1 326,  made  a  wonderful  dock  by  a  most  excellent 
art,  the  like  of  which  could  not  be  produced  by  all  Europe. — 
Moreri,  under  the  word  Horologe  du  Palais,  says,  that  Charles 
the  fifth,  called  the  wise,  king  of  France,  ordered  at  Paris  the 
jBrst  large  dock  to  be  made  by  Henry  de  Vie,  whom  he  sent 
for  from  Germany,  and  set  it  upon  the  tower  of  his  palace  iq 
the  year  1372. — ^John  Froissart,  in  his  Histoire  4*  Chraaig^ue^ 
vol.  ?3  chap.  £8,  says,  the  duke  of  Bourgogne  had  a  cfpck 
which  sounded  the  hour,  taken  away  from  the  city  of  Cour^ 
trey  in  the  year  1382  :  and  the  same  thing  is  said  by  William 
JParadin  in  his  Annals  de  Bourgogne, 

Clock-^makers  were  first  introduced  into  England  in  1368, 
wUetn  Edward  the  Third  granted  a  licence  for  three  artists  to 
£ome  over  from  Delft,  in  Holland,  and  practise  their  occupa- 
tion in  this  country. 

The  water*docks  or  clepsydrae,  and  sun-dials,  have  both  a 
gmuch  better  claim  to  antiquity.    The  French  annals  mention 
one  of  the  former  kind,  sent  by  Aaron,  king  of  Persia,  to 
Charlemagne,  about  the  year  807,  which  it  would  seem  bore 
some  resemblance  to  the  modern  docks :  it  was  of  bra$s,  and 
ihowed  the  hours  by  12  little  balls  of  the  same  metal,  which  at 
.the  end  of  each.hour  fell  upon  a  bell,  and  made  a  sound.  There 
were  also  figures  of  12  cavaliers,  which  at  the  end  of  each 
hour  came  out  through  certain  apertures  or  windows  in  th^ 
side  of  the  dock,  and  shut  them  again,  ^c. 
,    .The  io-vention  of  pendulum  clocks  is  owing  to  tjbe  happy  in- 
dustry of  the  17th  century ;  and  the  honour  of  that  discovery  ]^ 
di«puted.bet»ceen  Galileo.and  Huygens.  The  latter,  who.wrpte 
•an.e^cellexit  volume  on  the  Siubject,  declares  it  wa?.fii:st  put  in 
practice. in  the  year  1657,  and  the  description  of  it  printed  in 
.i65&.     Becher,  De  Hona  Temporis  dimetiendi  T/iearia,  fluno 
,1680,  contends  for  Galileo;  and  relates,  though  at  secqnd- 
^bfind,the  whole  history  of  the  invention;  adding,  that  onp 
Trefler,.  clock-maker  to  the  father  of  the  then  grand-dul^e  of 
Tuscany,  made  the  first  pendulumclock  at  Florence  underthe 
diuection  of  Galileo  Galilei,  a  pattern  of  which  was  brought  to 
HoUand.     And  the  Academy  del  Cimento  says, expressly,  that 
^he  application,  of  the.  pendulum  to  the  movement  of  a  clock 
.wa&.iSrst  proposed. by  GaUko.and  put  Jn  practice  by  his  ^pn 
Yiucenao  Galilei  in  J  649.     But  whoever  may  have  been  the 
inventor,  it,is  cectaiji  ihat.the  invention  wver  flourished -till  it 
..came  jnto  the  bands.pfH^gepi?,  w.ho  insists  on  it  that,  if  ever 
,  GaUleo,th«jgU.of  such  A^  wijg,  *he  jiovet  brought  it  to.  any  de- 
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;gree  of  perfection.  The  first  pendulum  clock  made  in  Englaiia 
was  in  the  year  1662,  by  one  Fromantil,  a  Dutchman. 
*  After  this  brief  sketch  of  the  history  of  clocks,  which  may  be 
-interesting  to  some  of  our  readers,  we  shall  give  a  description  of 
a  modern  clock  according  to  the  most  approved  construction. 
The  first  figure  of  plate  VIII.  is  a  profile  of  such  a  clock ;  p  is 
a  weight  which  is  suspended  by  a  cord  that  winds  about  the 
cylinder  or  barrel  c,  which  is  fixed  upon  the  axis  a,  a;  the 
pivots,  b,  6,  go  into  holes  made  in  the  plates  ts,  ts,  in  which 
they  turn  freely.  These  plates  are  made  of  brass  or  iron,  and 
are  connected  by  means  oi  four  pillars,  z,  z;  the  whole  toge- 
ther being  called  the^aw?^.  The  weight  p,  if  not  restrained, 
would  necessarily  turn  the  barrel  c,  witn  an  uniformily  accele- 
rating motion,  in  the  same  manner  as  if  the  weight  were  falling 
freely.  But  the  barrel  is  furnished  witli  a  rachet-wheel,  k,  k, 
the  rigbt  side  of  whose  teeth  strikes  against  the  click,  which  is 
fixed  with  a  screw  to  the  wheel  dd,  as  represented  in  fig.  2 ;  so 
that  the  action  of  the  weight  is  communicated  to  the  wheel  dd, 
the  teeth  of  which  act  upon  the  teeth  of  the  small  wheel  rf,  which 
turns  upon  the  pivots  r,  c»  The  communication  or  action  of 
one  wheel  with  another  is  called  the  pitching ;  a  small  wheel 
like  d  is  called  a  pinion^  and  its  teeth  are  called  leaves  of  the, 
pinion.  Several  things  are  requisite  to  form  a  good  pitching, 
the  advantages  of  which  are  obvious  in  all  machinery  where 
teeth  and  pinions  are  employed.  The  teeth  and  pinion-leaves 
Should  be  of  a  proper  shape,  and  perfectly  equal  among  them- 
selves :  the  size  also  of  the  pinion  should  be  of  a  just  propor- 
tion to  the  wheel  acting  into  it.  ' 
.  The  wheel  ee  is  fixed  upon  the  axis  of  the  pinion  d\  and  the 
motion  communicated  to  the  wheel  dd  by  the  weight  is  trans- 
mitted to  the  pinion  rf,  consequently  to  the  wheel  ee,  as  like- 
wise to  the  pinion  e  and  wheel  ff,  which  moves  the  pinion \^ 
upon  the  axis  of  which  the  crown  or  balance-wheel  gh  is  fixed. 
The  pivots  of  the  piniony*play  in  holes  of  the  plates  lm,  which 
are  fixed  horizontally  to  the  plates  ts.  In  a  word,  the  motion 
begun  by  the  weight  is  transmitted  from  the  wheel  gh  to  the 

{)alettes  ik,  and  by  means  of  the  fork  ux  riveted  on  the  pa- 
ettes,  communicates  motion  to  the  pendulum  ab,  which  is 
suspended  upon  the  hook  a.  The  pendulum  ab  describes, 
round  the  point  a,  an  arc  of  a  circle  alternately  going  and  re- 
turning. If  then  the  pendulum  be  once  put  in  motion  by  a 
push  of  the  hand,  the  weight  of  the  pendulum  at  b  will  make 
it  return  upon  itself,  and  it  will  continue  to  go  alternately  back- 
ward and  forward  till  the  resistance  of  the  air  upon  the  pendu- 
lum, and  the  friction  at  the  point  of  suspension  at  a,  destroys 
the  original  impressed  force.     But  as  at  every  vibration  of  the 
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^ teeth  bf  the  balance-wheel  gh  acf  so  upon  the 

palettes  lic  (the  pivots  upon  the  axis  of  these  palettes  play  in 
two  holes  of  the  potence  s  t)^  that  after  one  tooth  h  has  com- 
municated motion  to  the  pallete  k,  that  tooth  escapes ;  then  the 
opposite  tooth  g  acts  upon  the  pallette  i,  and  escapes  in  the 
same-manner;  and  thus  each  tooth  of  the  wheel  escapes  the  pa- 
lettes IK,  after  having  communicated  their  motion  to  the  palettes 
in  such  a  manner  that  the  pendulum,  instead  of  being  stopped^ 
continues  to  move.  The  wheel  ee  revolves  in  an  hour;  the 
pivot  c  of  this  wheel  passes  through  the  plate,  and  is  continued 
to  r;  upon  the  pivot  is  a  wheel  nn,  with  a  long  socket  fastened 
in  the  centre;  ujwn  the  extremity  of  this  socket  r,  the  minute- 
hand  is  fixed.  The  wheel  nn  acts  upon  the  wheel  o ;  the 
pinion  of  which  p  acts  upon  the  wheel  gg*,  fixed  upon  a  socket 
which  turns  along  with  the  wheel  n.  This  wheel  ^  makes 
its  revolution  in  12  hours,  upon  the  socket  of  which  the  hour- 
hand  is  fixed; 

'  From  the  above  description  it  is  easy  to  see,  1.  That  the 
weight  p  turns  all  the  wheels,  arid  at  the  same  time  continues 
the  motion  of  the  pendulum.  2.  That  the, quickness  of  the 
motion  of  the  wheels  is  determined  by  that  of  the  pendulum. 
3.  That  the  wheels  point  out  the  parts  of  time  divided  by  the 
uniform  motion  of  the  pendulum. 

When  the  cord  upon  which  the  weight  is  suspended  is  en- 
tirely run  down  from  off  the  barrel,  it  is  wound  up  agaiti  by 
means  of  a  key,  which  goes  on  at  the  square  end  of  the  arbor 
at  Q,  by  turning  it  in  a  contrary  direction  from  that  in  which 
the  weight  descends.  For  this  purpose  the  inclined  side  of  the 
teeth  of  the  wheel  k  (fig.  2.)  removes  the  click  c,  so  that  the 
ratchet-wheel  R  turns  while  the  wheel  n  is  at  rest;  but  as  soon 
as  the  cord  is  wound  up,  the  click  falls  in  between  the  teeth  of 
the  wheel  d,  and  the  right  side  of  the  teeth  again  act  upon  the 
end  of  the  click,  which  obliges  the  wheel  d  to  turn  along  with 
the  barrel;  and  the  spring  A  keeps  the  click  between  the  teeth 
of  the  ratchet-wheel  r.  . 

We  shall  now  explain  how  time  is  measured  by  the  mojmn 
of  the  pendulum;  and  how  the  wheel  e,  upon  the  axis  of  which 
the  minute-hand  is  fixed,  makes  but  one  precise  revolution  in  an 
hour.  The  vibrations  of  a  pendulum  are  performed  m  a  shorter 
or  longer  time  in  proportion  to  the  length  of  the  pendulum  it- 
self, A  pendulum  of  39f  inches  in  length  makes  3600  vibra- 
tions in  an  hour:  i.  ^.  each  vibration  is  performed  in  a  second  ot 
time,  and  for  that  reason  it  is  called  a  second  pendulum.  Uut 
a  pendulum  of  9H  inches  makes  7200  vibrations  m  an  hour,  or 
two  vibrations  in  a  second  of  time,  and  is  called  a  half^seoomi 
pendulum.     Hence  in  constructing  a  wheel  whose  revolution 


150  MACHINES. 

imMt  be  performed  in  a  giiren  time^  the  time  ef  tbe  viln^omr 
dl  tbe  penduhiiff  whtdl  regidates  its  motion  must  be  conskicT^ 
Strpposing,  then,  that  the  pendulum  ab  makes  7€00  vibralionp 
in  an  hour,  let  as  con^der  how  the  wheel  e  shall  take  np  air 
hour  in  making  one  revolution.   This  entirely  depends  on  tlie 
nomber  of  teeth  ht  the  wheels  and  pinions.     If  tbe  hsiaaue»^ 
wheel  consists  of  SO  teeth,  it  will  torn  once  in  the  time  that  the 
pendulum  makes  60  vibrations:  for  at  every  torn  of  the  wiieel 
the  same  tooth  acts  once  on  the  palette  i,  and  once  on^  the  p^^ 
letee  K^  which  occasions  two  separate  vibrations  in.  the  peiiatt- 
lutnf  and  the  wheel  having  30  teeth  it  occasions  twice  30,  or 
60  vibrations.     Consequently  this  wheel  must  perform  120  re^ 
vcdutions  in  an  hour ;  because  60  vibrations,  which  it  oecasionii 
at  every  revolution,  are  contained  120  times  in  7200,  thenmii^ 
ber  of  vibrations  performed  by  the  pendulum  in  an  houn  Now, 
in  order  to  determine  the  mnmber  of  teeth  for  the  wheels  KFf 
and  their  pinions  ef^  it  must  be  remarked  that  one  revolution  of 
the  >^beel  e  must  tutn  the  pinion  £  as  many  times  as  tbe  number 
of  teeth  in  the  pinion  is  contained  in  the  number  of  teeth  in  the 
wheel.  Thus,  if  the  wheel  e  contains  72  teeth,  and  the  pinion 
e  6,  the  pinion  will  make  12  revolutions  in  the  time  that  tbe 
wheel  makes  l ;  for  each  tooth  of  the  wheel  drives  forward  a 
tooth  of  the  pinion,  and  when  the  6  teeth  of  the  pinion  are 
movedy  a  complete  revolution  is  performed ;  but  the  wheel  e 
has  by  that  time  only  advanced  6  teeth,  and  has  still  66  to  ad*^ 
vance  before  its  revolution  be  completed,  which  will  oocasioa 
1 1  more  devolutions  of  the  pinion.     For  the  same  reason  tbe 
wheel  F  having  60  teeth,  and  the  pinion  f  6,  the  pinion  wiU 
make  10  revcdutions  while  the  wheel  performs  I.     Now^  the 
wheel  F  being  turned  by  the  pinion  e  makes  1^  revolutions  for 
one  of  the  wneel  k  ;  and  the  piniony* makes  10  revolutions  for 
one  of  the  wheel  f;  consequently  the  pinion^ performs  J  0  times 
12^  or  1 20,  revolutions  in  the  time  the  wheel  £  performs  one. 
But  the  wheel  o,  which  is  turned  by  the  pinion^  occasions  60 
vibrations  in  the  pendulum  each  time  it  turns  round ;  conse- 
quently the  wheel  a  occasions  60  times  120,  or  7200,  vibraUons 
df  tbe  pendulum  while  the  wheel  e  performs  but  one  revohittoD ; 
but  7200  is  tbe  number  of  vibrations  made  by  the  pendubim 
in  an  hour,  and  consequently  the  wheel  £  performs  but  one 
revolution  in  an  hour ;  and  so  of  the  rest. 

From  this  reasoning  it  is  easy^  to  discover  how  a  clock  may 
be  made  to  go  for  any  length  ol  time  without  being  wound  up. 
*:  By  increasing  the  number  of  the  teeth  in  tbe  wheels.  2.  By 
diminishing  the  number  of  teeth  in  the  pinions.  3.  By  increea- 
ing  the  length  of  the  cord  that  suspends  the  weight.  4.  By  in- 
creasing  the  length  of  the  pendulum.  And,  5.  By  adding  tu  the 
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IMimber  of  whe0l&  and  piaiona.  But  in  proportion  as  tbe  tiiM 
U  wgmentod»  if  the  weight  continues  the  same,  the  force  which 
it  communicates  to  the  last  wheel  gh  will  be  diminished. 

It  only  remains  to  take  notice  of  the  number  of  teeth  in  the 
.li^heels  which  turn  the  hour  and  minute-hands.  The  wheel  s 
performs  one  revolution  in  an  hour ;  the  wheel  kn,  which  is 
turned  by  the  axis  of  the  wheel  £,  must  likewise  make  only  one 
xevolution  in  the  same  time;  and  the  minute-hand  is  fixed  to 
the  fiiOcket  of  this  wheel.  The  wheel  n  has  30  teeth»  and  acts 
upon  the  wheel  o,  which  has  likewise  30  teeth,  and  the  same 
diameter ;  consequently  the  wheel  o  takes  an  hour  to  a  revolu- 
tion ;  now  the  wheel  o  carries  the  pinion  p,  which  hfis  6  teeth^ 
and  which  acts  upon  the  wheel  qq  of  72  teeth;  conseiquentiy 
the  pinion  p  makes  1 2  revolutions  wliile  the  wheel  qq  makes 
^oqe)  and  ot  course  the  wheel  qq  takes  12  hourd  to  one  revolu- 
,iion ;  and  upon  the  socket  of  this  wheel  the  hourhand  is  fixed. 
.Much  that  has  been  said  here  concerning  revplutions  of  wheels, 
2^C.  is  equally  applicable  to  watches  as  to  clocks. 

But  it  is  time  to  speak  of  the  striking  part;  in  which,  indeed, 
us  well  as  the  other  part  of  a  clock,  there  is  room  for  gi*eat  va- 
riety and  choice  in  the  construction.  The  wheels  usually  com- 
posing this  part  are,  the  great  or  first  wheel,  which  is  moved 
bv  the  weight  or  spring  at  the  barrel,  in  sixteen  or  fhirty-hour 
clocks ;  this  has  usually  pins,  and  is  called  the  pin-wheel :  in 
.eight-day  pieces  the  second  wheel  is  commonly  the  pin-wheel 
.ox  strikingrwheel,  which  is  moved  by  the  former.  Next  to  the 
striking-wheel  is  the  detent-wheel,  or  hoop-wheel,  having  a 
hoop  almost  round  it,  wherein  is  a  vacancy  at  which  the  clock 
locks.  The  next  is  the  third  or  fourth  wheel,  according  to  its 
distance  from  the  rest,  called  the  warniug'Xvheel,  The  last  is 
.the  flying  pinion,  with  a  fly  or  fan  to  gather  air,  and  so  bridle 
the  rapidity  of  the  clock's  potion.  To  these  must  be  added  the 
{limon  of  report;  which  drives  round  the  locking-wheel,  called 
also  the  count-wheel ;  ordinarily  with  eleven  notches  in  it,  un- 
equally distant,  to  make  the  clock  strike  the  hours.  Besides  the 
woeels,  to  the  clock  part  belongs  the  rash  or  ratch ;  a  kind  of 
wheel  with  twelve  large  fangs,  running  concentrical  tp  the  dial- 
wheel,  and  serving  to  lift  up  the  detents  every  hour  and  make 
the  clock  strike:  the  detents  or  stops,  which  being  lifted  up  an|d 
let  fall,  lock  and  unlock  the  clock  in  striking ;  the  hammer, 
which  strikes  the  bell;  the  hammer  tails,  by  which  the  striking 
pins  draw  bapk  the  hammers ;  latches,  whereby  the  work  is 
lifted  up  ^hd  unlocked ;  and  lifting-pieces,  which  lift  up  and 
unlock  the  detents. 

•  In  the  year  1 803  the  Society  for  the  Encouragement  of  Arts, 
&c.  assigned  to  Mr.  John  Prior  of  Nessfield,  Yorkdiire,  a 
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reward  of  30  guineas,  cm  accoant  of  his  contrivance  for  the 
striking  part  of  an  eight-day  clock.  As  this  invention  is  likely 
to  be  iiseftil,  we  shall  describe  it  here.  It  consists  of  a  whe^ 
and  fly,  with  six  turns  of  a  spiral  line,  cut  upon  the  wheel  for 
die  purpose  of  counting  the  hours.  The  pins  below  this  spiral 
elevate  the  hammer,  and  those  above  are  for  the  use  of  the  de- 
tent. This  single  wheel  serves  the  purpose  of  count-wheel,  pin- 
wheel,  detent- wheel,  and  the  fly-wheel,  and  has  six  revolutions 
in  striking  the  12  hours.  If  we  suppose  a  train  of  wheels  and 
pinions  used  in  other  striking  parts  to  be  made  without  error, 
and  that  the  wheels  and  pinions  would  turn  each  other  without 
shake  or  play;  then,  allowing  the  above  supposition  to  be  true 
(though  every  mechanic  knows  it  is  not),  Mr.  Prior's  striking 

Eart  would  be  found  six  times  superior  to  others,  in  striking  the 
ours  1,  2,  5,  7,  10,  11 ;  twelve  times  superior  in  striking  4,  (x, 
8;  and  eighteen  times,  in  striking  3,  9,  and  12.  In  striking  £, 
the  inventor  purposely  made  an  imperfection  equal  to  the  space 
of  three  teeth  of  the  wheel ;  and,  in  striking  3,  an  imperfection 
of  nine  or  ten  teeth ;  and  yet  both  these  hours  are  struck  per- 
fectly correct.  The  flies  in  clocks  turn  round,  at  a  mean,  about 
sixty  times  for  every  knock  of  the  hammer,  but  this  turns  round 
only  three  times  for  the  same  purpose;  and  suppose  the  pivots, 
were  of  equal  diameters,  the  influence  of  oil  on  them  would  be 
as  the  number  of  revolutions  in  each.  It  would  be  better  for 
clocks  if  they  gave  no  warning  at  all,  but  the  snail-piece  to 
raise  a  weight  somewhat  similar  to  the  model  Mr.  P.  sent  for 
the  inspection  of  that  respectable  Society. 

Beference  to  Mr.  Prior'^s  Striking  Part  of  his  Clock. 

Plate  X.  fig.  l.^-A,  the  large  wheel,  on  the  face  of  which 
are  sunk  or  cut  the  six  turns  of  a  spiral. 

B,  the  single  worm  screw,  which  acts  on  the  above  wheel, 
and  moves  the  fly  c. 

D,  the  spiral  work  of  the  wheel  A.  *; The  black  spots  show 
the  groovy  into  which  the  detents  drop  on  striking  the  hour. 

E,  the  groove  into  which  the  locking-piece  f  drops  when  it 
strikes  ooejt  »nd  from  which  place  it  proceeds  to  the  outward 
parts  of  the  spiral  in  the  progressive  hours,  being  thrown  out  by 
a  lifting  piece  h  at  each  hour:  the  upper  detent 6  being  pumped 
ofl^  with  the  locking-piece  f,  from  the  pins  in  the  wheel  a. 

In  striking  the  hour  of  twelve^  the  locking-piece,  having 
arrived  at  the  outer  spiral  at  h,  rises  up  an  inclined  plane,  and 
drops  by  its  own  weight  to  the  inner  circle,  in  which  the  hour 
one  is  to  be  struck,  and  proceeds  on  in  a  progressive  motioi^ 
through  the  different  hours  till  it  comes  again  to  twelve^ 


cuiiiotj^  CLOCK}:;.  153 

'    I,  the  hammer-work  made  in  the  common  way,  which  is 
worked  bj  thirteen  pins  on  the  face  of  the  spiral. 
.^  Fig,  2. — K,  the  thirteen  pins  on  the  &ce  of  the  spiral^  which 
work  the  hammer-work. 
.  L,  the  outer  pins,  which  lock  the  detent. 
M,  the  pump-spring  to  the  detent 

For  other  information  respecting  clock-work,  see  the  articles 
Balance,  Pendulum,  and  Scapement,  in  this  volume. 

Some  very  simple  contrivances  for  clocks^  by  Mr.  Ferguson, 
and  Dr.  Franklin,  may  be  seen  in  Ferguson's  Select  Exercises^ 
^  In  the  fourth  century  an  artist  named  James  Dondi  con- 
structed a  clock  for  the  city  of  Padua,  which  was  long  considered 
as  the  wonder  of  that  period.  Besides  indicating  the  hours,  it 
represented  the  motion  of  the  sun,  moon,  and  planets,  as  well 
as  pointed  out  the  different  festivals  of  the  year.  On  this  ac- 
count Dondi  obtained  the  surname  of  Horologio,  which  became 
that  of  his  posterity.  A  little  time  after,  William  Zelander 
constructed  for  the  same  city  a  clock  still  more  complex ;  which 
was  repaired  in  the  sixteenth  century  by  Janellus  Turrianus^ 
the  mechanist  of  Charles  V.  .       > 

But  the  clocks  of  the  cathedrals  of  Strasburgh  and  of  Lyons 
are  much  more  celebrated.    That  of  Strasburgh  was  the  Work 
of  Conrad  Dasypodius,  a  mathematician  of  that  city,  who 
finished  it  about  1 573.    The  face  of  the  basement  of  this  clock 
exhibits  three  dial-plates ;  one  of  which  is  round,  and  consists 
of  several  concentric  circles ;  the  two  interior  ones  of  which 
perform  their  revolutions  in  a  year,  and  serve  to  mark  the  days 
of  the  year,  the  festivals  and  other  circumstances  of  the  calendar. 
The  two  lateral  dial-plates  are  square,  and  serve  to  indicate  the 
eclipses  both  of  the  sun  and  the  moon.  Above  the  middle  dial- 
plate,  and  in  the  attic  space  of  the  basement,  the  days  of  the  week 
are  represented  by  different  divinities  supposed  to  preside  over 
the  planets  from  which  their  common  appellations  are  derived. 
The  divinity  of  the  current  day  appears  in  a  car  rolling  over  the 
clouds,  and  at  midnight  retires  to  give  place  to  the  succeeding 
one.    Before  the  basement  is  seen  a  globe,  borne  on  the  wings 
of  a  pelican,  around  which  the  sun  and  moon  revolved ;  and 
which  in  that  manner  represented  the  motion  of  these  planets : 
but  this  part  of  the  machine,  as  well  as  several  others,  has  been 
derangea  for  a  long  time.    The  ornamental  turret,  above  this 
basement,  exhibits  chiefly  a  large  dial  in  the  form  of  an  astro- 
labe; which  shows  the  annual  motion  of  the  sun  and  moon 
through  the  ecliptic,  the  hours  of  the  day,  &c.    The  phases  of 
the  moon  are  seen  also  marked  6ut  on  a  particular  dial-plate 
above.  This  work  is  remarkable  also  for  a  considerable  assem- 
blage of  bells  and  figures,  which  perform  different  motions. 
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Above  tlie  dial-plate  last  mentioned,  for  examples  tbft  Four  ages 
of  man  are  represented  by  symbolical  %uire&:  one  passes  everv 
quarter  of  an  hour,^  and  marks  the  quarter  by  striking  on  small 
bells ;  these  figures  are  followed  by  Death,  who  is  expelled  by 
Jesus  Christ  risen  from  th^  grave :  who,  however,  permits  it  to 
sound  the  hour,  in  order  to  warn  man  that  time  is  on  tlie  wing. 
Two  small  angels  perform  movements  also ;  one  striking  a  beli 
with  a  sceptre,  while  the  other  turns,  an  hour*glass  at  the  expiror 
tion  of  an  hour.  In  the  last  place,t  this  work  wa^  decorated  with 
various  animaU,  which  emitted  sounds  similar  tp  their  natural 
voices  '„  but  none  of  them  now  remain^  except  the  cpck,  which 
crqws  immediately  before  the  hour  strike^,  first  streitching  oat 
its  neck  and  clapping  its  win^.  Inde<^  it  isi  to  be  regretted 
that  a  great  part  of  this  machine  is  nqw  entirely  deranged- 

The  clook  of  tbe  cathedral  of  Lyon^  is  c^less  size  th^n  that 
of  Strasburgh,  but  is  not  inferior  tq  it  in  the  variety  of  iu  mQve» 
ments;  it  has  the  advantage  also  of  being  in  a  good  condition^ 
It  is  the  work  of  Lippius  de  Ba^le,  and  was  es^^eedingly  well  re^ 
paired  in  the  last  century  by  an  ingenious  clock-n^aker  of  Lyoni* 
named  Nourisson.  Like  that  of  Strasburgh,  it  exhibits  on  differr 
ent  dial-plates  the  annual  and  diurnal  progress  of  the  sun  and 
moon,  the  days  of  the  year^  their  length,  ana  the  whole  calendar, 
civil  as  well  as  ecclesiastic.  The  days  of  the  week  are  indicated 
by  symbols  more  analogous  to  the  place  where  the  clock  is 
erected :  the  hours  are  announced  by  the  crowing  of  a  cock* 
three  times  repeated  after  it  has  clapped  its  wings  and  made 
various  other  movements.  When  the  cock  has  done  crowing 
angels  appear,  who,  by  striking  various  beU^,  perform  the  air  of 
a  hymn ;  the  annunciation  of  the  Virgin  is  repre^nted  also  by 
moving  figures,  and  by  the  descent  of  a  dpye  frorp  the  clond^; 
and  after  this  mechanical  exhibition  the  hour  strikes*  On  on^ 
of  the  sides  of  the  clock  is  seen  an  oval  dial-plate,  wher^  the 
hours  and  minutes  are  indicated  by  means  of  an  index,  whi(^ 
lengthens  or  contracts  itself,  according  to  the  length  of  the 
semi-diameter  of  the  ellipsis  over  which  it  moves, , 

A  very  curious  clock,  the  work  of  Martinot,  a  celebrated 
clock-maker  of  tbe  seventeenth  century,  was  fprmerly  to  be 
seen  in  the  royal  apartments  at  Versailles.  Before  it  struck  tbe 
hour,  two  cocks  on  the  corners  of  a  small  edifice  crpwed  alterr 
^ately,  clapping  their  wings:  soon  afler  two  lateral  doors pf  the 
edifice  opened,  at  which  appeared  two  figures  bearing  cymbaK 
beat  upon  by  a  kind  of  gnards  with  clubs.  When  these  figures 
had  retired,  the  centre  door  wa^p  thrown  open,  and  a  pedestal, 

snpporiing  an  equestrian  statue  of  Lewis  XIV.  issued  from  it, 
while  a  groqp  of  clouds  separating,  gav^j^  passage  to  a  figure 
of  Fame,  which  came  apd  hover^u  ov^r  the  statue.  An  air  w^a 
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the*  pevforraed  hy  bells :  aiber  which  the  two  figures  re-entered  u 
the  two  guards  raised  up  their  clubs,,  which  uiey  h»d  lowered 
as  if  out  of  respect  for  the  presence  of  the  king,  and  the  hour 
wa»  then  struck. 

While,  however^  we  have  thought  it  right  to  describe  these 
ii^enioas  perfersiances  of  foreign  sutists,  we  must  not  n^tect 
to  memioa  the  equally  ingenious  workmanship  of  some  ofour 
own  countrymen.  *-  We  now  refer  to  two  clocks  made  by  £i^ 
^sh  artists,  as  a  present  from  the  East-India  Company  to  the 
emperor  of  China.  'Ihesetwo  clocks  are  in  the  form  of  chariotsy 
in  each  of  which,  a  lady  is  placed  in  a  fine  attitude,  leaning  her 
right  hand  upon  a  part  of  the  chariot,  under  which  appears  9 
c^ck  of  curious  workmanship,  little  larger  than  a  shUliuff,  thai 
strikes  and  repeats,  and  goes  for  eight  days.    Upon  thel^dy's 
finger  sits  a  bird,  finely  modelled,  and  set  with  diamonds  and 
rubies,  with  its  wings  expanded  in  aflying  posture,  and  actually 
flutters  for  a  conuderable  time  on  touching  a  diamcNid  button 
below  it :  the  body  of  the  bird,  in  which  are  contained  part  of 
the  wheels  that  animate  it  as  it  were,  is  less  than  the  16th  part 
of  an  inch.  The  lady  holds  in  her  left  hand  a  golden  tube  little 
flicker,  than  a  large  pin,  on  the  top  of  which  is  a  small  round 
box,  to  which  is  fixed  a  circular  ornament  not  larger  than  a 
sixpence,  set  with  diamonds,  which  goes  round  in  near  three 
hours  in  a  constant  regular  motion.    Over  the  lady's  head  is  a 
double  umbrella,  supported  by  a  small  fluted  pillar  not  thicker 
than  a  quill,  and  under  the  larger  of  which  a  bell  is  fixed,  at 
a  considerable  distance  from  the  clocks  with  which  it  seems  to 
have  no  connexion  ;  but  from  which  a  communication  is  se- 
cretly conveyed  to  a  hammer,  that  regularly  strikes  the  hour^ 
and  repeats  the  same  at  pleasure,  by  touching  a  diamond  button 
fixed  to  the  clock  below.    At  the  feet  of  the  lady  ia  a  goldea 
dog. 

COINAGE,  or  Coiniho,  the  art  or  act  of  making  roone^. 
Coining  is  either  performed  by  the  hammer  or  the  milL 
The  first  method  is  now  little  used  in  Europe,  especiqjly  in 
England,  France,  Sec.  though  the  only  one  known  till  the 
year  1563,  when  a  new  machine,  or  coining-mill,  invented  by 
an  engraver,  one  Antoine  Brucher,  was  first  tried  in  the 
French  king's  palace  at  Paris,  for  the  coining  of  counters : 
though  some  attribute  the  invention  of  the  mill  to  Varin,  a 
£unous  engraver,  who,  in  reality,  was  no  more  than  an  imr 
prover  of  it;  and  others  to  Aubr^  Olivier,  who  had  only  the 
inspection  of  it 

The  mill  has  met  with  various  fiite  since  its  first  invouion ; 
being  now  used,  and  again  laid  by,  and  the  hammer  resumed: 
(but  it  has  at  length  got  that  footing,  by  the  neatness  and  per- 
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fection  of  the  species  struck  with  it,  that  there  appears  no  great 
probability  of  its  ever  being  again  disused. 

In  either  kind  of  coining,  the  pieces  of  metal  are  stamped  or 
struck  with  a  sort  of  punchions  or  dyes,  wherein  are  engraven 
the  prince's  effigies,  with  the  arms,  legends,  &c. 

Cdmwghy  the  miU^  or  milled  money. — The  bars  or  plates 
being  taken  out  of  the  mould,  and  scraped  and  brushed,  are 
passed  several  times  through  a  mill,  to  flatten  them  further,  * 
and  bring  them  to  the  just  thickness  of  the  species  to  be 
coined ;  with  this  difference,  however,  that  the  plates  of  gold 
are  heated  again  in  a  furnace,  and  quenched  in  water,  before 
they  undergo  the  mill ;  which  softens  and  renders  them  more 
ductile:  whereas  those  of  silver  pass  the  mill  just  as  they  are, 
without  anv  heating ;  and  when  afterwards  they  are  heated, 
they  are  left  to  cool  again  of. themselves,  without  water. 
,  The  plates,  whether  gold,  silver,  or  copper,  thus  reduced  as 
near  as  possible  to  their  thickness,  are  cut  into  round  pieces, 
called  blanks  or  planchets,  near  the  size  of  the  intended  spe- 
cies, with  a  cutting  instrument  fastened  to  the  lower  extremity 
of  an  arbor,  whose  upper  end  is  formed  into  a  screw ;  which, 
being  turned  by  an  iron  handle,  turns  the  arbor,  and  lets  the 
steel,  well  sharpened,  in  form  of  a  punch-cutler,  fall  on  the 
plates;  and  thus  is  a  piece  punched  out. 
•    These  pieces  are  now  given  to  be  adjusted,  and  brought  by 
filing,  or  rasping,  to  the  weight  of  the  standard,  whereby  they 
are  to  be  regulated :  and  what  remains  of  the  plate  between 
the  circles  is  melted  again,  under  the  denomination  of  sizel.    « 
«  The  pieces  are  adjusted  in  a  fine  balance :  and  those  which 
prove  too  light  are  separated  from  those  too  heavy ;  the  first 
to  be  melted  again,  and  the  second  to  be  filed  down.     For  it 
may  be  observed,  that  the  mill  through  which  the  plates  are 
passed  can  never  be  so  just  but  there  will  be  some  inequality,^ 
whence  will  arise  a  difference  in  the  blanks.     And  this  in- 
equality,  indeed,  may  be  owing  to  the  quality  of  the  matter 
fsas  well  as  of  the  machine;  some  parts  being  more  porous  than 
others.  .    •  >.  . 

When  the  blanks  are  adjusted  they  are  carried  to  the  blanch- 
ing or  whitening-house,  i.  e.  the  place  where  the  gold  blanks 
have  their  colour  given  them,  and  the  silver  ones  are  whitened ; 
which  is  done  by  heating  them  in  the  furnace,  and,  when  taken 
out  and  cooled,  boiling  them  successively  in  two  copper  vessels, 
with  water,  common  salt,  and  tartar :  and,  after  that,  scouring 
them  well  with  sand,  and  washing  them  with  common  water, 
drying  them  over  a  wood  fire,  in  a  copper  sieve,  wherein  they 
are  put  when  taken  out  of  the  boilers. 

Formerly  the  planchets,  as  soon  as  blanched,  were  carried 
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to  the  press,  to  be  struck,  and  receive  their  impressions;  but 
now  they  are  first  marked  with  letters  or  graining  on  the 
edges,  to  prevent  the  clipping  and  paring  of  the  species,  which 
is  one  of  the  ways  wherein  the  ancient  money  used  to  be  da- 
maged. The  machine  used  to  mark  the  edges  is  very  simple, 
yet  ingenious;  it  consists  of  two  plates  of  steel,  in  form  of 
rulers^  about  the  thickness  of  a  line,  on  which  the  legend  or 
edging  is  engraven,  half  on  the  one»  and  half  on  the  other. 
One  of  these  plates  is  immoveable,  being  strongly  bound  with 
screws  to  a  copper  plate;  and  that  again  to  a  stix>ng  board,  or 
table :  the  other  is  moveable,  and  slides  on  the  copper  plate 
by  means  of  a  handle,  and  a  wheel,  or  pinion  of  iron,  the 
teeth  whereof  catch  in  a  kind  of  other  teeth,  on  the  surface  of 
the  sliding  plate.  Now,  the  planchet,  being  placed  horizon*^ 
^lly  between  these  two  plates,  is  carried  along  by  the  motios 
of  the  moveable  one ;  so  as  by  that  time  it  has  made  half  a 
turn,  it  is  found  marked  all  round.     See  fig.  1.  pi.  XIV. 

^This  machine  is  so  easy,  that  a  single  man  is  able  to  mark 
twenty  thousand  planchets  in  a  day.  SavanjS  pretends  it  was 
invented  by  the  Sieur  Castagin,  engineer  to  the  French  king, 
and  first  used  in  1685.  But  it  is  certain  we  had  the  art  of 
lettering  the  edges  in  England  long  before  that  time  i  witness 
die  crowns  and  half-crowns  of  Oliver  Cromwell  struck  in  i  658, 
which  for  beauty  and  perfection  far  exceed  any  French  coins 
we  have  ever  seen. 

■  Lastly,  the  planchets,  being  thus  edged,  are  to  be  stamped, 
i.  e.  their  impression  is  to  be  given  them  in  a  sort  of  mill,  or 

E>ress,  by  the  French  called  a  balancier,  invented  towards  the 
atter  end  of  the  sixteenth  century.     See  its  figure  in  £lg.  % 
pi.  XIV. 

Its  chief  parts  are  a  beam,  screw,  arbor,  &c.  all  contained 
in  the  body  of  the  machine,  except  the  first,  which  is  a  long 
iron  bar,  with  a  heavy  ball  of  lead  at  each  end,  and  rings,  to 
which  are  fastened  cords,  which  give  it  motion  :  this  is  placed 
liorizontally  over  the  body  of  the  machine.  In  the  middle  of 
the  beam  is  fastened  a  screw,  which,  by  turning  the  beam, 
serves  to  press  the  arbor  underneath  it ;  to  the  lower  extremity 
of  which  arbor,  placed  perpendicularly,  is  fastened  the  dye,  or 
matrice,  of  the  reverse,  or  arm  side,  in  a  kind  of  box,  or  case, 
wherein  it  is. retained  by  screws :  and  under  this  is  a  box,  or 
case,  containing  the  dye  of  the  image-side^  firmly  fastened  to 
the  lower  part  of  the  engine,  fig.  3. 

Now,  when  a  planchet  is  to  be  stamped,  it  is  laid  on  the 
image-matrice,  upon  which  two  men  draw,  each  on  his  side, 
one  of  the  ropes  of  the.  beam,  and  turn  the  screw  fastened  in 
i|t ;  whidi  by  this  motion  lowers  t^le  arbor  to  which  the  dye  of 
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liMe  amifi  is fi^tened :  by  which  means  the  metal,  bemgin.tbe 
middie,  4at  once  receives  an  impression  on  each  side,  from 
eh^her  dye.  As  to  the  press  Ibrmerly  used,  it  has  all  the  es* 
feudal  parts  ofa  balancier,except  the  beam,  which  is  here,  as 
it  wei«e,  divided,  and  only  drawn  ooe  way. 

The  blanks  having  now  ail  their  marks  and  impresfiians, 
both  on  the  edges  and  fiuses,  become  money ;  but  they  have 
•nt»t  currency  till  they  have  been  weighed  and  examined. 

For  the  Coining  ^ Medals^  the  progress  is  the  same,  in  ef- 
fect, with  that  of  money :  the  principal  difference  consists  in 
this,  that  ntoney,  having  but  a  small  rdievo,  receives  its  im- 
pression at  a  single  stroke  of  the  engine ;  whereas,  for  miedala, 
%he  hei^t  of  their  relievo  makes  it  neoessary  that  the  stroke 
-be  repeated  several  times :  to  this  end  the  piece  is  taken  out 
from  between  Ae  dyes,  heated,  and  returned  again ;  which 
f)meess,  in  medallions  and  large  medals,  is  sometimes  repeated 
fifteen  or  twenty  times,  befOTC  the  full  impression  be  given; 
care  being  taken,  «very  time  the  planchet  is  removed,  to  take 
ioS  the  «uperftuaus  metal  stretched  beyond  the  icircumference, 
with  a  file. 

'An  improvement  has  been  lately  suggested  in  tlie  coining- 
^press,  by  a  Mr.  Huigenan,  we  believe,  wrio  has  introduced  the 
fpiinciple  of  the  heart- wheel  both  in  this  contrivance  and  in  his 
2«iniver8al  lever.  The  method  Mr.  H.  recommends  may  be 
understood  by  referring  to  fig.  4.  pi.  XIV.  cb  is  part  ofa 
•table  or  plane,  on  which  is  £xed  the  box  containing  the  dye  f 
'<ifthe  image  side  of  the  cwi,  and  ca  is  a:lever,  to  which  is.at- 
'tacked  the  dye  e  of  the  reverse  side  in  a  casexetained  by  screws ; 
'And  this  is  so  posited,  that  by  turning  ca  on  the  centre  c,  the 
parts  £  and  f  may  be  brought  the  one  immediately  above  live 
•other,  o  is  an  elliptical  or  heart-wheel  turning  upon  a  fixed 
centre  by  the  handle  x>r  winch  h,  and,  acting  upon  the  friction- 
wheel  B,  gradually  forces  down  the  end  a  of  the  lever,  and 
oarries  wiui  it  the  dye  e,  causing  it  to  press  very  hard  upon 
the  metal  placed  on  the  lower  dye  f,  at  the  time  the  extremity 
I  of  the  elliptical  wheel  is  in  contact  with  the  upper  part  of  the 
wheel  D.  Then  themotion  of  the  winch  proceeding,  thesprtiB^ 
<8  raises  up  the  lever  ca,  and  thus  leaves  room  to  remove  the 
metal :  place  another  at  f,  and  repeat  the  operation.  The 
'Whole,  it  is  obvious,  may  be  carried  on  with  considerable. eK- 
<pedition;  but  whether  the  method  is  on  the -whole  preferable 
to  that  before  described,  .is  what  we  do  not  here  attempt  ^to 
decide. 

Jn  the  machinery  invented  for  coining  by  Boulton  Mud 
Watt,  and  lately  introduced  in  the  Mint,  the  screw  presses  for 
ctftting  out  the  circular  pieces  of  metal  are  workediwitli. great 
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&dlityj  and  both  the  edges  and  the  feces  of  the  money  are 
coined  at  the  same  time^  with  such  superior  excellence  and 
cheapness  of  workmanship  as  will  prevent  clandestine  imita- 
tion. By  means  of  this  machinery  four  boys  can  strike  30,000 
pieces  of  money  in  an  hour:  the  machine  has  this  farther  ad- 
vantage, that  it  serves  as  a  register,  and  keeps  an  unerring  ac- 
count of  the  number  of  pieces  struck.  An  interesting  descrip- 
tion of  the  principal  parts  of  this  machinery,  with  diagrams, 
may  be  seen  in  the  Mechanic's  Magazine^  Nos.  62  to  67,  in- 
clusive. 

COMPASSES  (beam),  a  kind  of  compasses  used  to  draw 
large  arcs,  and  to  take  large  extents,  &c.  These  compasses 
consist  of  a  straight  beam  ^r  bar,  of  18  inches,  2  feet  or  more 
in  length,  carrying  two  brass  cursors;  one  of  these  being  fixed 
at  one  end,  the  otner  sliding  along  the  beam,  with  a  screw  to 
fasten  it  on  occasionally.  To  the  cursors  may  be  screwed 
points  of  any  kind,  as  of  steel,  brass,  pencils,  &c.  The  fixed 
cursor  has  sometimes  an  adjusting  or  micrometer  screw  applied 
to  it,  for  the  more  nice  obtaining  of  extents. 

The  beam  is  divided  commonly  into  inches,  tenths,  and  half 
limths:  but  ^r.  Walton,  an  ingenious  mechanic,  in  the  proof 
department  of  the  'Royal  Arsenal,  Woolwich,  has  improved 
this  instrument,  and  much  extended  its  utility,  by  applying  a 
nonius  to  its  scale,  which  renders  it  fit  to  take  distances  to 
hundredth  parts  of  an  inch.     Part  of  a  beam  with  the  addi- 
tions of  Mr.  Walton  are  shown  in  fig.  1 .  pi.  XVIII.  where  ik 
represents  more  than  4  inches  in  length  of  a  beam,  which  is 
made  of  ebony,  the  divisions  being  marked  upon  brass  laid 
into  the  ebony,     abgd  and  efdh  are  two  brass  cases  which 
nearly  fit  the  beam,  and  may  slide  to  and  fro  upon  it :  these 
-brass  cases  carry  the  cursors  and  points  l  and  m,  which  are 
fastened  into  sockets  by  means  of  screws  at  n  and  o.     The 
case  ABCD  has  two  screws  be  aiid  a,  both  of  which  are  turned 
by  means  of  forked  turn-screws :  the  first  of  these  screws,  ic, 
•serves  to  move  the  brass  case  backwards  and  forwards  on  the 
beam,  in  order  to  adjust  the  point  l  so  as  to  correspond  with 
the  commencement  of  the  divisions  on  the  beam ;  and  when 
that  is  done,  the  screw  a,  by  pressing  a  spring,  makes  the 
whole  fast  to  the  beam.     The  other  brass  case  efgh  carries 
•the  cursor  and  point  h,  as  well  as  the  moveable  nonius  ei : 
this  nonius  is  at  the  extremity  of  a  piece  c/glM,  which  is 
moved  to  and  fro  upon  the  case  efgh  by  means  of  the  screw 
vpqSf  which  is  turned  by  the  milled  head  rst:  the  shoulders  at 
p  and  q  prevent  the  screw  from  moving  either  backward  or 
forward  with  respect  to  the  line  fh,  while  the  threads  of  tl» 
screw  between  o  and  p,  by  taking  upon  the  moveable  piece 
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^fgkki^  cause  the  nonius  to  move  along  the  ei^ge  of  tlie  gra- 
duated scale  of  the  beam :  turning  the  head  of  the  screw  in 
the  direction  rat  moves  the  nonius  in  the  direction  from  k  to- 
wards I  on  the  beam ;  and  turning  that  head  in  the  direction 
tsr  advances  the  nonius  according  to  the  increasing  measure 
upon  the  scale  from  i  towards  k.  The  screw  d,  with  its  milled 
head  p,  by  pressing  upon  a  spring,  \?ill  at  any  time  make  the 
case  EF6H  fast  to  the  beam,  and  thus  prevent,  when  necessary, 
any  change  of  distance  between  l  and  m.  Fig.  2,  is  a  trans- 
verse section  of  the  brass  case  efgh  :  it  serves  to  show  the 
form  1,  2,  3,  4,  5,  of  the  beam,  be\neUed  off  to  an  edge  at  4; 
also  the  bevel  of  the  nonius  at  e ;  the  dovetail  at  q^  against 
which  one  shoulder  of  the  micrometer  screw  presses ;  and  the 
piece  yb,  into  which  the  three  screws  Z,  rw,  n  (fig.  1.)  enter. 
Other  parts  of  the  construction  will  be  sufficiently  obvious 
from  these  figures. 

CONDENSER,  a  pneumatic  engine  or  syringe,  by  which 
an  extraordinary  quantity  of  air  may  be  crowded  or  pushed 
into  a  given  space ;  so  that  frequently  ten  times  as  much  air 
as  an  eiqual  space  would  contain  out  of  the  engine  may  be 
thrown  in  by  means  of  it,  and  its  egress  prevented  by  valves 
properly  disposed. 

The  condenser  is  mnde  either  of  metal  or  of  glass,  and  either 
in  a  cylindrical  or  globular  form ;  and  the  air  is  forced  into  it 
by  an  injecting  syringe.  The  receiver  or  vessel  containing  the 
condensed  ajr  should  be  made  very  strong,  to  bear  the  force 
of  the  air's  elasticity  thus  increased:  for  which  reason  it  is 
commonly  made  of  brass.  When  glass  is  used  it  will  not 
sustain  so  great  a  condensation  of  air ;  but  the  experiment 
will,  notwithstanding,  be  rendered  more  entertaining,  as  the 
effect  of  the  condensed  air  upon  any  subject  put  within  the 
receiver  may  be  viewed  through  the  glass. 

CoNDENSEB  of  Forces^  a  name  given  by  M.  Prony  to  a 
contrivance  for  obtaining  the  greatest  possible  effect  from  a 
first  mover,  the  energy  of  which  is  subject  to  augmentation  or 
diminution  within  certain  limits;  and  in  general  to  vary  at 
pleasure  the  resistance  to  which  the  effort  of  the  first  mover 
forms  an  equilibrium  in  any  machine  whatever,  without  chang- 
ing any  part  of  their  construction. 

The  general  problem  in  mechanics,  of  which  this  condenser 
is  intended  as  a  practical  solution,  is  enunciated  by  M.  Prony 
in  these  terms : 

"  Any  machine  being  constructed,  to  find,  without  making 
a^y  change  in  the  construction,  a  means  of  transmitting  to  it 
the  attion  of  the  first  mover,  by  fulfilling  the  following  condi- 
tions, viz. 
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"  1.  That  it  may  be  possible  at  pleasure,  and  with  grem 
speed  and  facility^  to  vary  tlie  resistance  (against  which  the 
€nbrts  of  the  first  mover  miist  continually  make  an  equili- 
brium) in  limits  of  any  required  extent 

'*  2  That  the  resistance,  being  once  regulated^  shall  be  ri^ 
gorously  constant  until  the  moment  when  it  is  thought  proper 
to  increase  or  diminish  the  same. 

^'  S.  That  in  the  most  sudden  variations  of  which  the  ^flbrt 
of  the  first  mover  may  be  capable^  the  variation  in  velocity  of 
the  machine  shall  never  undergo  a  solulicHi  of  continuity."^ 

M.  Prony  applies  his  solution  of  this  proUem  to  the  dynamio 
effect  of  wind :  it  will  be  easy  to  make  the  satoe  general  when 
the  other  first  movers  are  used* 

The  section  atid  plan  of  the  machine  are  exhibited  in  pi.  X IV. 
oo  represents  the  vertical  arbor  to  which  windmill  sails  are 
adapted  ;  eeee  is  an  assemblage  of  carpentry,  of  which  one  of 
tlie  radii,  oe,  bears  a  curved  piece  bd^  of  iron  or  steel :  vertical 
axes  of  rotation  aaa,  being  placed  round  the  axis  oo,  ahd 
divide  the  circumference  m  which  they  are  found  into  equal 
partd. 

Each  of  these  axes  carries  a  curve,  qf^  of  iron,  steely  at 
copper,  so  situated,  that  when  the  wind  acts  upon  the  sails  the 
curve  bd  presses  against  one  of  the  curves  of,  elnd  causes  the 
vertical  axis  to  which  this  last  curve  is  fixed  to  make  a  portion 
of  a  revolution. 

The  curves  bd  and  of  must  be  so  disposed,  that  when  bd 
ceases  to  press  on  one  of  the  curves  a^  it  shall  at  the  same 
instant  begin  to  act  upon  the  following  curve :  the  number  of 
axes  which  are  provided  with  these  curves  must  be  determined 
by  the  particular  circumstances  of  each  case ;  and  if  is  also 
practicable  to  substitute,  instead  of  dc2,  a  portion  of  a  toothed 
wheel  having  its  centre  at  the  axis  oo^  and  to  place  portiohsi 
of  pinions  instead  of  the  curves  af{  but  the  dispositions  rq>i'eA 
sented  in  the  figure  ate  preferabfe. 

Each  of  these  axes  aaaa  (which  are  all  fitted  up  alike^ 
though^  for  the  sake  of  clearness,  only  one  of  them  has  its  ap-> 
paratus  represented  in  the  drawing),  carries  upon  it  k  dtum 
4>r  pulley  ttrry  on  which  is  wound  a  cord  that  passes  over  a 
f>ulley  p,  and  sei'ves  to  support  a  weight  a  by  means  of  thef 
lever  fg,  upon  which  this  weight  may  be  dided  and  fastened 
at  different  distances  from  the  point  of  motion  o* 

The  same  axes  aa  pass  through  the  pinions  q^,  to  which 
they  are  not  fixed  ;  but  these  pinions  carry  clicks  or  ratchets, 
which  bear  Hgainst  the  teeih  rr ;  so  that,  when  the  weight  a 
tends  to  ri^e,  tiie  ratchet  gives  Way,  and  no  othef  effect  is  pro^ 
duoed  on  the  pillion  qq^  either  by  the  motion  of  the  at\s  or  dt 
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the  drum  ttrvy  excepting  that  which  causes  the  ascent  of  the 
weight  qq.  But  the  instant  that  the  curve  or  tooth  bd  ceases  to 
bear  agamst  one  of  the  curves  ctf,  after  having  caused  the  cor- 
responding weight  a  to  rise,  that  weight  g  tends  to  redescend, 
and  then  the  toothed  wheel  rr  acts  against  the  ratchet,  so  that 
a  cannot  descend  without  turning  the  pinion  gg  along  with  the 
drum  tirr. 

The  pinion  qq  takes  in  the  wheel  aft,  from  the  motion  of 
which  the  useful  effect  of  the  machine  immediately  results;  so 
that  the  effect  of  the  descent  of  one  of  the  weights  a  is  to 
solicit  the  wheel  ab  to  motion,  or  to  continue  the  motion  in 
concurrence  with  all  the  other  weights  q,  which  descend  at 
the  same  time.  This  wheel  ab  carries  beneath  it  oblique  or 
bevelled  teeth  gd,  which  take  in  a  like  wheel  ce,  and  cause 
the  buckets  at  s  to  rise. 

From  the  preceding  description  it  is  seen  that  the  machine, 
being  supposed  to  start  from  a  state  of  repose,  the  wind  will  at 
first  raise  a  number  of  weights  v^  sufficient  to  put  the  machine 
into  motion,  and  will  continue  to  raise  new  weights  while  those 
before  raised  are  fallen ;  so  that  the  motion  once  impressed  will 
-be  continued. 

Among  the  numerous  advantages  of  this  new  mechanism  we 
may  remark  the  following: 

1.  No  violent  shock  can  take  place  in  any  part  of  the 
mechanism. 

S.  The.  useful  effect  being  proportioned  to  the  number  of 
welj^ts  a,  which  descend  at  the  same  time,  this  effect  will  in- 
^creasein  proportion  as  the  wind  becomes  stronger,  and  caused 
>the  saib  to  turn  with  more  velocity. 

8.  The  wdghts  q  being  moveable  iilong  the  levers  fg,  it  will 
always  be  very  easy  to  place  them  in  such  a  manner  as  to  ob« 
tein  that  ratio  of  the  effort  of  the  first  mover  to  the  resistance 
which  will  produce  the  maximum  of  effect. 

4.  From  this  property  it  results  that  advantage  may  be  taken 
of  the  weakest  breezes  of  wind,  and  to  obtain  a  certain  product 
in  circumstances  under  which  all  other  windmills  are  in  a  state 
of  absolute  inactivity. .  This  advantage  is  of  great  importance, 
particularly  with  regard  to  agriculture:  the  wind  mills  employed 
for  watering  lands  are  sometimes  inactive  for  several  days,  and 
this  inconvenience  is  more  particularly  felt  in  times  of  drought. 
A  machine  capable  of  moving  with  the  slightest  breeze  must 
therefore  offer  the  most  valuable  advantages* 

CRAB  or  GIN,  an  en^ne  used  for  mounting  large  guns  oi| 
their  carriages,  &c.  It  is  composed  of  three  long  and  stout 
Ws  meeting  together  at  their  tops;  these  legs  are  round  poles 
of  about  12  or  13  feet  long,  whose  diameters  at  the  lower  ends 
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are  about  four  inches^  five  just  below  the  roller,  besides  the 
cheeks  that  are  added  to  them  in  that  place,  and  about  3|  inches 
above. 

Two  of  these  poles  can  be  fixed  at  a  Certain  distance  from 
each  other,  by  means  of  two  iron  bars  placed  horizontal ly,  one 
being  about  four  feet  long,  the  other  about  seven ;  and  a  roller 
is  made  to  run  upon  pivots  turning  on,  or  in,  these  two  poles: 
this  roller  is  commonly  7^  inches  in  diameter,  and  six  feet  long. 
A  portion  of  £0  inches  is  left  square  at  each  end,  and  holes 
made  in  each  to  receive  the  handspikes  by  which  the  men  turn 
the  roller :  but  the  middle  part  is  made  cylindrical,  to  wind  the 
cable  upon.  The  transverse  iron  bars  are  fixed  with  one  end 
to  one  of  the  poles  by  means  of  a  bolt,  and  with  the  other  end 
to  the  other  pole  with  a  bolt  and  key  ;  so  as  to  be  readily  taken 
out,  in  order  that  when  the  gin  is  to  be  removed  from  place  to 
place  the  poles  may  lie  close  together  upon  the  carriage.  There 
are  two  iron  bands  and  two  iron  bolts  to  fasten  each  cheek 
(for  the  pivots)  to  the  poles,  and  iron  plates  round  the  poles 
where  the  iron  bars  are  fixed.  The  poles  are  booped  at  each 
end ;  and  the  upper  ends  have  straps  through  which  an  iron 
bolt  passes :  this  bolt  keeps  the  upper  ends  together,  as  well 
as  serves  to  support  the  iron  to  which  the  windlass  is  hooked: 
The  windlass  contains  two  brass  pulleys,  about  which  tho  cable 
goes,  which  is  fixed  to  the  dolphins  of  the  gun  or  mortar  with 
another  windlass,  containing  two  brass  pulleys  likewise.  When 
this  machine  is  ustsd  the  whole  is  laid  flat  on  the  ground,  the 
lower  end  of  the  single  pole  extending  the  contrary  way,  in 
order  to  fasten  the  upper  windlass  after  the  cable  has  been 
turned  round  both!:  after  this  the  upper  end  is  raised  gradually 
till  the  feet  of  the  three  poles  (each  oi  which  has  an  iron  prong) 
stand  nearly  at  equal  distances ;  in  such  a  manner  as  the  l^s 
of  a  theodolite  or  plain  table,  when  set  up  for  use  in  the  practice 
of  surveying. 

CRANE,  a  machine  used  in  building,  oh  wharfs,  and  in 
warehouses,  for  raising  and  lowering  huge  stones,  ponderous 
weights,  packages,  &c. 

I .  Cranes,  until  of  late  years,  were  commonly  constructed  as^ 
follows :  the  principal  member  is  a  strong  upright  beam  or  ' 
arbor,  firmly  fixed  in  the  ground,  and  sustained  by  eight  arms, 
coming  from  the  extremities  of  four  pieces  of  wood  laid  across, 
through  the  middle  of  which  passes  the  foot  of  the  beam. 
About  the  middlie  of  the  arbor  the  arms  meet,  and  are  mortised 
into  it:  its  top  ends  in  an  iron  pivot,  on  which  is  bomea  trans.- 
verse  piece,  advancing  out  to  a  good  distance,  something  after 
the  manner  of  a  crane's  neck,  whence  the  machine  has  its  name. 
This  projecting  piece  is  now  more  commonly  called  the  jib  or 
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gibbet.  The  middle  and  extremities  of  this  are  again  sustained 
Dy  arms  from  the  middle  of  the  arbor :  and  over  it  comes  a  rope 
or  cable,  to  one  end  of  which  the  weight  is  fixed  ;  the  other  is 
wound  about  tlie  spindle  of  a  wheel,  which  when  turned  (com- 
•monly  by  means  of  men  walking  upon  the  inside  of  the  rim  of 
the  wheel)  draws  the  rope,  and  that  heaves  up  the  weight; 
which  may  afterwards  be  applied  to  any  side  or  quarter  by  the 
mobility  of  the  transverse  piece  on  the  pivot.  These  cranes 
have  usually  been  made  of  two  kinds:  in  the  first,  called  the 
rat-taiied  crane>  the  whole  machine  with  the  load  turns  upon  a 
strong  axis:  in  the  second  kind  the  gibbet  alone  moves  on  itd 
axis.  But  in  either  kind,  if  the  machinery  be  put  into  motion  by 
men  walking  witkin  the  wheel,  as  has  been  till  lately  the  nearly 
universal  practice  in  this  country,  the  laboureris  employed  ar^ 
exposed  to  extreme  danger,  and  have  frequently  met  with  the 
most  shocking  and  fatal  accidents.  It  is  not  then  to  be  won- 
dered at,  that  skilful  mechanists  should  at  length  have  devised 
cranes  that  are  not  only  more  safe,  but  more  powerful  in  their 
operation,  than  the  common  walking  crane:  a  few  of  the  best 
of  these  will  be  described  in  the  present  article. 

2.  The  late  Mr.  Ferguson  invented  a  crane  which  has  three 
trundles,  with  difierent  numbers  of  staves,  that  may  be  applied 
to  the  cogs  of  a  horizontal  wheel  with  an  upright  axle;  round 
which  is  coiled  the  rope  that  draws  up  the  weight.  This 
wheel  has  96  cogs;  the  largest  trundle  S4  staves,  tne  next  12, 
and  the  smallest  6,  so  that  the  largest  revolves  4  times  for  one 
revolution  of  the  wheel;  the  next  S,  and  the  smallest  16.  A 
winch  is  occasionally  fixed  on  the  axis  of  either  of  these  trundles 
for  turning  it,  and  is  applied  to  the  one  or  the  other  according 
AS  the  weight  to  be  raised  is  smaller  or  larger.  While  this  is 
drawing  up,  the  ratcb^teeth  of  a  wheel  slip  round  below  a  catch 
that  falls  into  them,  prevents  the  crane  from  turning  backwards, 
and  detains  the  weight  in  any  part  of  its  ascent,  if  the  man  who* 
works  at  the  winch  should  accidentally  quit  his  hold,  or  wish  to 
rest  himself  before  the  weight  is  completely  raised.  Making  a 
due  allowance  for  friction,  a  man  may  raise  by  such  a  crane 
from  three  times  to  twelve  times  as  much  in  weight  as  would 
balance  his  effort  at  the  winch;  viz.  from  90  to  360lb8.,  taking 
the  average  labour. 

Other  ingenious  contrivances  by  Mr.  Ferguson  may  be  seen 
in  his  Select  Exercises i  but  as  the  book  is  in  the  hands  of  almost 
&iery  practical  mechanic,  we  would  rather  refer  to  it  than  ex- 
tract accounts  of  these  inventions. 

3.  The  crane  presented  in  pi.  VII.  is  a  portable  one,  mounted 
in  a  wooden  frame  and  stage,  which  is  judged  to  be  very  useful 
for  loading  and  unloading  carts  with  large  heavy  stones.    It  is 
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moveable  to  any  part  of  a  stone-yard  or  ground ;  the  frame  is 
sufficiently  wide  for  a  cart  to  draw  under  the  crane^  and  at  any 
time  it  may  be  taken  to  pieces.  The  frame  aaaa  is  made  of 
wood,  is  about  9  or  10  feet  high,  and  about  9  feet  square.  The 
wheels  bb  are  of  iron,  and  are  about  3  feet  in  diameter ;  and 
the  pinion  d,  that  is  fixed  to  the  axis  of  the  first  wheel  b^  8 
inches  in  diameter:  on  the  axis  of  the  second  wheel  b  the  axis 
round  which  the  rope  coils  is  fixed.  Now  the  stones  being 
corded  and  hooked  at  the  end  of  the  rope,  it  is  very  evident 
that  the  man  at  c  will  either  raise  or  lower  them  as  mav  be 
necessary,  according  as  he  turns  the  winch  towards  or  n*om 
him,  and  in  a  safe  and  very  easy  manner.  The  advantage  in 
point  empower  being  in  proportion  as  the  product  of  the  radii 
of  the  wheels  to  those  of  the  pinions. 

4.  Fig.  7.  pi.  XII.  is  a  representation  of  a  crane-carriage 
which  Mr.  Gottlieb  conceives  to  be  very  useful  in  moving  large 

'Stones  in  quarries,  where  carts  and  horses  cannot  be  con- 
veniently or  at  all  managed.  Its  principle  is  evident  from  a  bare 
view  of  the  figure.  It  consists  only  of  two  sets  of  crane-wheels 
applied  to  the  two  sets  of  wheels  belonging  to  the  carriage;  so 
that  two  men,  one  at  each  winch  aa,  turning  the  pinions  and 
wheels  round,  shall  act  upon  the  caririage-wheelf  and  move  it 
along,  fiy  their  both  turning  Forwai'ds  or  backwards,  the  car- 
rii^e  goes  accordingly ;  but  if  they  turn  contrary  ways,  the 
carriage  will  be  turned  round,  or  partly  so,  as  may  be  wanted. 
The  pmion  b  is  6  inches  in  diameter,  which  turns  the  wheel  c 
of  3  feet  diameter,  on  the  axis  of  which  is  fixed  the  pinion  d  of 
1  foot  diameter,  which  works  into  two  wheels  e,  e,  of  3  feet  6 
inches  diameter,  that  are  fixed  upon  the  carriage-wheels,  and 
give  motion  to  the  whole  machine. 

5.  Mr.  Abraham  Andrews^  of  Higham  Ferrers,  in  Nortbamp- 
tonshire,  has  invented  a  crane  whi<£  weighs  the  body  suspended 
at  the  time  it  is  raising:  an  improvement  for  which  the  Society 
for  the  Encouragement  of  Arts^  &c.  granted  him  a  premium  of 
15  guineas.  This  crane  is  shown  in  fig.  3.  pi.  IX.  The  jib  of 
the  crane  stands  on  a  horizontal  beam,  moveable  on  a  centre  at 
A :  and  the  distance  of  the  centre  a,  from  the  bearing  of  the 
upright,  being  to  the  distance  b,  in  proportion  of  1  to  20,  the 
weigbt  placed  at  b  determines  that  of  the  body  suspended  in 
the  seme  proportion,  c  is  a  sUib,  or  piece  of  wood,  which 
projects  from  the  waght  hanging  at  the  end  of  the  jib,  and 
serves  to  prevent  the  beam  from  rising  to  too  great  a  height. 

Tliia  jib  should  be  placed  in  the  same  vertical  plane  with  the 
part  ba  of  the  crane,  at  the  time  the  weight  is  adjusted ;  other- 
wise it  will  occasion  a  frictiea  which  may  prevent  the  moveable 
.beam  from  playing  freely.    The  other  parts  of  the  crane  are  so 
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obvious  in  their  construction  as  not  to  require  a  more,  minute 
description. 

6.  The  society  just  mentioned  have  lately  voted  40  guineas 
to  Mr.  Robert  hall,  jun.  of  Basford,  near  Nottingham,  for  his 
ingenious  invention  of  a  method  to  expand  a  set  of  bars  parallel 
to  the  axis  of  a  crane,  by  which  means  the  velocity  of  the  rope 
in  raising  weights  may  be  increased  or  diminished  in  propor- 
tion to  the  load  to  be  raised. 

A  description  and  engraving  of  this  crane  are  given  in  the 
twelfth  volume  of  the  Society's  Transactions,  .from  which  we 
have  drawn  up  the  following  account  of  it : 

The  ends  of  the  reel  (fig  1.  and  5.  pi.  Xlll.)  consist  each  of 
two  flat  plates  or  circular  pieces,  shown  separately  in  fig.  S. 
and  3.  1  hese  circular  plates  form  the  two  ends  of  the  reel, 
and  are  held  fast  on  the  spindle  or  axis  by  pins  passed  through 
its  ends,  of  which  one  may  be  seen  at  a,  fig.  2.  and  another  m 
the  end  shown  in  fig.  5.  The  outer  circular  plate  (fig.  3  )  of 
'  each  end  of  the  reefhas  a  spiral  groove  cut  in  it,  as  shown  at 
b ;  and  the  inner  circles  have  each  eight  mortices  cut  quite 
through  them,  as  shown  at  c.  fig.  S.  (seen  partly  also  in  fig.  I . 
and  5.).  The  outer  plates  have  also  an  iron  tube,  d,  made 
fast  to  them  by  means  of  a  flange  or  collar,  and  the  screws  ee, 
fig.  «. 

When  the  parts  are  all  joined  (as  shown  in  fig.  ].),  the  axis 
jT  passes  through  the  tube  J,  and  thus  the  ends  are  connected, 
in  fixing  the  cross  bars,  two  of  which  are  shown  detached  in 
fiff.  4.,  the  parts  ffg  slide  in  the  mortices  c  of  the  inner  circular 
plates,  and  the  small  ends  or  tenons  hk  go  fairly  through  the 
inner  and  enter  the  spiral  grooves  of  the  outer  plates. 

The  inner  and  outer  circular  plates  are  locked  together  by  a 
catch  (7,  fig.  1.  2.  and  6.)  the  stationary  part  of  which  is  made 
fast  to  the  inner  plate  (see  fig.  2.),  while  the  catch  itself,  by 
means  of  a  spring,  is  kept  in  a  notch  on  the  edge  of  the  outer 
plate.  When  the  diameter  of  the  reel  is  to  be  enlarged  or  dimi- 
nished, it  is  effected  by  bringing  the  reel  round  to  the  position 
shown  in  fi^.  6,  when  a  hook  k  is  put  into  a  hole  Z,  which  keeps 
the  inner  circular  plate  in  that  position  till  the  adjustment  is 
made  by  lifting  the  catch  from  the  notch  of  the  outer  end-plate 
far  enough  to  be  kept  disengaged  by  the  hook  k,  before  men- 
tioned, being  thrust  quite  through  the  bole/:  the  handle m 
being  then  turned,  the  outer  plate  only  is  carried  round,  and 
ikhe  tenons  or  small  ends  of  the  cross  bars  (being  prevented 
from  being  carried  round  with  it,  by  the  mortices  of  the  inner 
plates  through  which  they  pass  being  stationary)  are  obliged 
to  change  their  distance  from  the  axi^  by  the  spiral  groove 
sliding  over  them,  while  they  are  able  to  move  nearer  or  fiir- 
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tlier  from  the  axis  by  sliding  in  radial  mortices  of  the  inner 
end  plate. 

The  handle  m  being  turned  till  the  reel  is  of  the  size  required, 
the  hook  h  is  withdrawn  or  pushed  out,  and  the  Crane  is  then 
ready  for  work. 

It  is  necessary  to  observe  that  the  tenons  hh  must  be  cut,  so 
that  the  outside  of  all  the  bars  next  the  rt.pe  shall  be  at  an  equal> 
distance  from  the  centre.  If  the  tenon  of  the  first  bar  that  is 
placed  in  the  reel  be  cut  like  the  tenons  M,  fig.  4.  the  last  of 
them  must  be  cut  the  same  as  the  tenons  nn,  tig.  4. ;  and  all 
the  other  tenons,  at  the  exti^emities  of  the  several  bars,  must  be 
at  proper  distances  between  these  extremes,  as  is  shown  by  the 
dots  p  in  the  mortices  fig.  % 

The  other  p^rts  of  the  crane  may  be  so  easily  understood 
from  an  inspection  of  the  engraving,  that  any  further  descrip- 
tion is  unnecessary.     (Phil.  Mag.  No.  71.) 

7.  But  the  several  cranes  described  in  this  article  as  prefer-^ 
able  to  the  common  walking-crane,  while  they  are  free  from 
the  dangers  attending  that  machine  lose  at  the  same  time  one 
of  its  advantages;  that  is,  they  do  not  avail  themselves  of  that 
addition  to  the  moving  power  which  the  •meigftt  of  the  men 
who  are  employed  may  furnish.  Yet  this  advantage  has  been 
long  since  ensured  by  the  mechanists  on  the  continent,  who 
cause  the.  labourers  to  walk  upon  an  inclined  plane,  turning 
upon  an  axis,  after  the  manner  sho^n  in  the  figure  referred  to 
under  the  article  FootrntUy  where  we  have  described  a  contri- 
vance of  that  kind,  well-known  in  Germany  full  170  years  ago. 
The  same  principle  has  been  lately  brought  into  notice,  pro- 
bably without  knowing  it  had  ever  been  adopted  before,  by  Mr^ 
James  Whyte^  of  Chevening,  in  Kent:  his  crane  is  exhibited 
in  fig.  3.  and  4.  pi.  X:  as  it  was  described  in  the  Transactions 
of  the  Society  for  the  Encouragement  of  Arts. 

A  (fig.  3.)  is  a  circular  inclined  plane,  moving  on  a  pivot 
underneath  it,  and  carrying  round  with  it  the  axis  b.  A  person 
walking  on  this  plane,  and  pressing  against  the  lever  b,  throws 
off  the  gripe  d,  by  means  of  an  iron  rod  c;  and  thus  admits 
the  plane  and  its  axis  to  move  freely,  and  raise  the  weight  g  by 
the  coiling  of  the  rope  f  round  the  axis  £. 

To  show  more  clearly  the  construction  and  action  of  the  lever 
and  gripe,  a  plan  of  the  circular  inclined  plane,  with  the  lever 
and  gripe,  is  added  (see  fig.  4.),  where  b  represents  the  lever,  d. 
the  spring  or  gripe.  In  this  plan,  when  the  lever  b  is  in  the 
situation  in  which  it  now  appears,  the  spring  or  gripe  d  presses 
against  the  periphery  of  the  plane,  as  shown  by  the  double  line; 
and  the  machine  cannot  move ;  but  when  the  lever  b  is  pressed 
out  to  t^  dotted  line  h  the  gripe  is  also  thrown  off  to  thft 
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doited  line  1^  wd  the  whole  machine  left  at  liberty  to  srove. 
One  end  of  a  rope  or  cord,  of  a  proper  length,  is  fixed  near  the 
^nd  of  the  lever  b»  and  the  other  end  made  last  to  one  of  the 
uprights^  serving  to  prevent  the  lever  moving  too  far  when 
pressed  by  the  man. 

The  supposed  properties  of  this  crane,  for  which  the  premium 
of  40  guineas  was  adjudged  by  the  society  to  the  inventor,  are 
as  folfow : 

1.  It  is  simple,  consisting  merely  of  a  wheel  and  axle.  S.  It 
has  comparatively  little  friction,  as  is  obvious  from  the  bare 
inspection  of  the  figure.  3.  It  is  durable,  as  is  evident  from 
the  tfKO  properties  above-mentioned.  4.  It  is  safe ;  for  it  can^ 
not  move  but  during  the  pleasure  of  a  man,  and  while  he  ia 
actually  pressing  on  the  gripe^lever.  5.  This  crane  admits  of  an 
almost  infinite  variety  oi  different  powers,  and  this  variation  is 
obtained  without  the  least  alteration  of  any  part  of  the  machine. 
If,  in  unloading  a  vessel,  there  should  be  found  goods  of  every 
wei^t,  from  a  few  hundreds  to  a  ton  and  upwards,  the  man 
that  does  the  work  will  be  able  so  to  adapt  his  strength  to  each 
as  to  raise  it  in  a  space  of  time  proportion »te  to  its  weight ;  he 
walking  always  with  the  same  velocity  as  nature  and  his  greatest 
ease  may  teach  him. 

It  ia  a  great  disadvantage  in  some  cranes,  that  they  take  as 
)png  time  to  raise  the  smallest  as  the  largest  weight,  unless  the 
man  who  works  them  turn  or  walk  with  such  velocity  as  must 
soon  tire  him.  In  other  cranes,  perhaps,  two  or  three  difiEerent 
powers  may  be  procured;  to  obtain  which,  some  pinionmust 
be  shifted,  or  fresh  handle  applied  or  resorted  to.  In  this  crane, 
on  the  contrary,  if  the  labourer  find  his  load  so  heavy  as  to 
permit  him  to  ascend  die  wheel  without  its  turning,  let  him 
only  move  a  step  or  two  toward  the  circumference,  and  he  will 
be  fullv  equal  to  the  tasL  Again,  if  the  load  be  so  lisht  as 
soaroely  to  resist  the  action  of  his  feet,  and  thus  to  oblige  him  to 
iruH  through  so  much  space  as  to  tire  him  beyond  necessity,  let 
him  move  laterally  towards  the  centre,  and  he  will  soon  feel  the 
place  where  his.  strength  will  suffer  the  least  fatigue  by  raising 
jfche  load  in  question.  One  man's  weight  applied  to  the  extre^ 
mity  of  the  wheel  would  raise  upwards  of  a  ton ;  and  it  need  not 
be  added,  that  a  single-sheaved  block  would  dcoible  that  power. 
Suffice  it  to  say,  that  the  size  may  be  varied  in  any  required 
ratio ;  and  that  this  wheel  will  give  as  great  advantage  at  any 
point  of  its  plane  as  a  common  walkings  wheel  of  equal  diameter ; 
as  the  inclination  can  be  varied  at  pleasure,  as  &r  as  expo-, 
diency  may  require.  It  may  be  necessary  to  observe,  that  wbel 
in  the  figure  is  the  frame,  and  seems  to  form  a  part  of  the 
crane,  must  be  considered  as  a  part  of  the  house  in  which  it  is 
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placed;  since  it  would  be  mostly  unnecessary  should  such 
cranes  be  erected  in  houses  already  built.  With  respect  to  the 
horizontal  part,  by  walking  on  which  the  man  who  attends  the 
jib  occasionally  assists  iii  raising  the  load^  it  is  not  an  essential 
part  of  this  invention,  where  the  crane  is  not  immediately  con- 
tiguous to  the  jib,  although,  where  it  is,  it  would  be  certainly 
very  convenient  and  economical. 

Notwithstanding,  however,  the  advantages  which  have  been 
here  enumerated,  Mr.  Whvte*s  crane  is  subject  to  this  theore* 
tical  objection,  that  it  derives  less  use  than  might  be  wished 
from  the  weight  of  the  man  or  men ;  for  a  great  part  of  that 
weight  (half  oixi^  if  the  inclination  be  SO  degrees)  lies  directly 
upon  the  plane,  and  has  no  tendency  to  produce  motion.  Be* 
sides,  when  this  crane  is  of  small  dimensions,  the  effective 
power  of  the  men  is  very  unequal,  and  the  barrel  too  small  for 
winding  a  thick  rope :  when  large,  the  weight  of  the  materials 
added  to  that  of  tne  men  put  it  out  of  shape,  and  give  it  the 
appearance  of  a  large,  unwieldy,  moving  floor.  We  know  one 
large  crane  of  this  construction,  which  has  an  upright  post  near 
the  rim  on  each  side,  to  support  it  and  keep  it  in  shape ;  and,  as 
much  as  possible  to  prevent  friction,  each  post  had  a  vertical 
wheel  at  its  top.  We  were  informed  this  crane  was  seldom 
used,  and  that  it  was  soon  put  out  of  order.  Nor,  moreover,  is 
it  every  situation  that  will  allow  the  crane  rope  to  form  a  right 
anele  with  the  barrel  on  which  it  winds,  and  when  this  angle  is 
obuque  the  friction  must  be  much  increased.  1  he  irictioa 
arbiug  from  the  wheels  at  top  of  the  vertical  crutches  might, 
indeed,  he  got  shut  of,  by  making  the  inclined  wheel  very 
strong ;  but  this  would  add  greatly  to  die  friction  of  the  lower 
gudgeon  of  the  oblic^ue  shaft,  and  considerably  enhance  the 
expense  of  the  machine. 

8.  There  remains,  then,  another  stage  of  improvement  with 
regard  to  the  structure  of  cranes,  in  which  the  weight  of  the 
labourers  shall  operate,  without  diminution,  at  the  end  of  a 
korizofttal  lever;  and  in  which  the  impulsive  force  thus  arising 
xn^y  be  occasionally  augmented  by  the  action  of  the  hands  either 
in  pushing  or  lifting.  This  step  in  the  progress  has  been 
efected  by  Mr.  Daxid  Hardie^  of  the  East  India  Company's 
Bengal  warehouse.  After  a  few  preliminary  observations,  wc 
shalfpoint  out  the  distinguishing  particulars  of  this  gentleman's 
invention. 

The  capstan,  the  wheel  and  pinion,  with  a  winch  and  the 
walking-wheel,  are  the  cranes  in  common  use  at  the  present 
time ;  tlK)ugh  a  slight  view  of  the  method  of  working  these 
machines  might  be  sufficient  to  show  that  they  are  essentially 
detective  in  regard  to  the  grand  object  in  procuring  the  force 
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of  men,  on  which  the  quantity  of  work  performed  necessarily 
depends.     The  capstan  and  walking-wheel  call  for  little  or  no 
use  of  the  arms ;  and  the  crane  of  the  wheel  and  pinion  derives 
very  little  advantage  from  the  legs,  while  the  force  of  the  men 
acting  upon  the  winch  must  of  necessity  be  very  fluctuadng. 
At  the  capstan,  and  wheel,  and  pinion,  a  considerable  force  is 
expended  unproductively  in  ^ving  action  to  the  greater  part  of 
the  men^s  weight,  which  does  not  contribute  to  the  moving 
power  of  the  machines;  the  power  actually  exerted  seldom  ex- 
ceeding £Olbs.  at  a  moderate  velocity.     The  merchants  and 
wharfingers  would  instantly  discharge  from  their  service  any 
porter  who  would  refuse  to  carry  a  load  of  more  than  201bs  ; 
yet  these  very  merchants  and  warfingers  are  daily  paying  full 
wages  to  cranemen  for  exerting  a  force  which,  when  duly  ap- 
plied, is  greatly  within  the  power  of  a  boy  often  or  twelve  years 
of  age.  And  as  to  the  common  walking-wheel,  the  men  who  are 
stationed  within  it  expend  a  great  portion  of  their  strength  in 
moving  themselves^rojflrrf ;  which  proves  unproductive,  be- 
cause tne  ejffective  velocity  is  only  according  to  the  sum  of  the 
heights  attained,  and  the  waste  of  force  through  such  unprofit- 
able deviation  from  the  vertical  direction  renders  the  men  in- 
capable of  the  due  velocity  of  ascent ;  besides,  the  velocity  of 
descent,  which  ought  to  he  proportional  to  a  due  velocity  of 
ascent,  is  materially  impaired  by  the  shortening  of  the  effective 
lever  in  the  course  of  its  depression,  and  a  consequent  diminu- 
tion of  mechanical  power ;  and  these  obstructions  are  frequently 
aggravated,  by  placing  men  in  the  wheel  to  walk  behind  the 
others.     And  when  this  loss  of  labour  by  the  often  counter- 
operation  of  a  rear  rank  is  avoided  by  applying  an  additional 
wheel,  the  machine  occupies  much  space,  becomes  extremely 
expensive,  and  is  attended  with  extraordinary  friction.     Al- 
though nothing  but  necessity  can  justify  the  hazarding  of  the 
lives  of  men,  yet  the  walking-wheel  is  attended,  with  imminent 
danger ;  and  being  a  very  defective  engine,  employed  without 
either  necessity  or  expediency,  those  persons  who  use  them  are 
responsible  to  humanity  for  the  shocking  disasters  they  fre- 
quently occasion.     But  the  various  evils  just  enumerated,  as 
well  as  many  others  which  attend  the  cranes  now  adverted  to, 
have  been  obviated  in  a  very  effectual  manner  by  Mr.  Hardie ; 
whose  crane  is  at  once  simple  and  eiScient.     It  is  a  walking- 
crane;  but  the  men  walk  on  the  outside  of  the  wheel  instead 
of  inside  of  the  rim;  and  during  the  whole  of  their  labour  they 
are  exposed  to  no  kind  of  danger,  and  they  can  walk  in  an  up- 
right posture,  well  suited  to  free  respiration.     Five  cranes  of 
the  kind  are  at  work  at  the  East-India  warehouses ;  and  as  the 
contrivance  (for  which  Mr.  Hardie  obtained  a  patent  about 
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160S)  must  ultimately  prove  a  considerable  acquisition^  we 
have  examined  the  construction  and  mode  of  operation  of  two 
of  these  machines  with  particular  attention,  that  we  might  be 
enabled  to  furnish  the  public  with  the  following  description. 

The  reader  may  turn  to  pi.  XI.  where  fig.  1.  is  an  elevation 
of  the  side  of  the  crane  on  which  the  men  operate. 

Fig.  2.  An  elevation  of  the  end  of  the  stage  to  assist  the  men 
in  stepping  on  and  off  the  wheel,  as  well  as  to  support  a  seat 
for  them  to  rest  upon,  in  the  intervals  between  the  operations, 
Theedgey*of  this  stage  does  not  stand  more  than  four  inches 
from  the  point  s  by  which  the  edge  of  each  step  passes. 

Fig.  3.  An  elevation  of  the  end  of  the  wheel. 

Fig.  4.  An  elevation  of  the  side  pf  the  crane,  opposite  to  that 
given  in  fig.  1.  The  same  letters  of  reference  being  put  to  the 
corresponding  parts  in  these  figures. 

AA  is  a  wheel  (on  the  principle  of  the  wheel  used  in  China 
for  men  working  at  the  chain-pump,  for  raising  water  to  the 
higher  grounds,  employed  in  the  culture  of  rice),  on  the  outside 
of  which  are  placed  2^  steps  for  the  men  to  tread  upon,  at  a 
situation  where  the  steps  are  found  at  a  height  equal  to  that  of 
the  axis,  or  where  the  plane  of  the  steps  becomes  horizontal ; 
the  diameter  of  the  wheel  being  6  feet,  steps  included.     The 
crane  represented  in  the  figure  is  adapted  for  4  men ;  though 
they  may  easily  be  contrived  for  5,  6,  or  8.     At  one  end  is  b, 
the  crane  rope  barrel,  of  a  diameter  suited  to  the  drafts  of  goods 
commonly  raised,  and  the  number  of  men  generally  allowed, 
with  c  a  brake  wheel,  all  fixed  on  the  same  axis,  and  d  a 
brake  attached  to  the  framing  of  the  crane,  to  press  on  the 
brake-wheel,  occasionally  to  stop  or  retard  the  motion ;  being 
conducted  by  a  man  at  the  loop-hole  by  means  of  £,  a  lever 
of  wood,  loaded  with  a  piece  of  lead  or  cast-iron  at  the  ex- 
tremity, to  give  it  sufficient  weight  to  stop  the  motion  of  the 
wheel;  a  rope  fastened  to  the  end  of  this  lever,  and  conveyed 
over  two  pulleys,  terminates  in  a  handle  for  the  loop-hole  man, 
with  an  iron  ring  at  the  lower  part  thereof  to  receive  a  pig, 
fixed  at  the  side  of  the  loop-hole  for  the  purpose  of  keeping  it 
down,  that  the  lever  might  disengagethe  brake  from  the  brake- 
wheel  during  the  operation  of  raising  the  gocds.    g,  g,  g,  g,  g, 
are  vertical  nandles,  and  h,  h,  h,  h,  h,  horizontal  handles  for 
the  men  to  take  hold,  of  with  both  hands,  when  treading  on  the 
steps:  sometimes  both  hands  are  applied  to  the  vertical  handles; 
at  others,  one  hand  to  a  vertical,  and  the  other  to  a  horizontal 
handle;  and  at  others,  both  hands  to  the  horizontal  handles; 
thus  producing  a  variety  in  the  action,  and,  when  necessary,  a 
considerable  augmentation  to  the  force.     1  (fig.  1.  and  3.)  is  a 
pawl  which  drops  in  at  every  step,  to  prevent  the  wheel  and  its 


17fe  MACHINES. 

incumbent  weight  frc>m  6verpowei»iHg  the  men  at  any  time :  it 
has  at  its  lower  part  a  cord  with  a  loop  to  pass  over  one  of  the 
horizontal  handles,  near  the  extremity  of  which  there  is  a  notch 
sufficiently  deep  to  retain  the  loop  when  drawn  into  it,  for  the 
purpose  of  raising  the  pawl,  to  disengage  it  from  the  wheel 
preparatory  to  the  operation  of  lowering  the  goods  or  crane- 
rope. 

Now  it  is  obvious,  that  by  treading  on  the  steps  as  thev  arrive 
at  the  position  <,  t  (figs.  1.  3.),  just  above  the  horizontal  plane, 
passing  through  the  axis,  the  men  both  ascend  and  descend 
nearly  in  the  vertical  directly :  of  consequence,  the  greatest 
possible  velocity  is  produced  without  any  unproductive  labour; 
6nd  the  men  are  enabled  to  maintain  tne  action  by  means  of  a 
hold  of  an  upright  handle  on  each  hand ;  or  occasionally  to 
augment  the  action,  by  pushing  at  these  handles.  Further,  by 
taking  hold  of  the  horizontal  handles,  each  man  can,  Iw  an  act 
similar  to  that  of  lifting,  augment  the  force  arising  from  his 
weiffht  through  all  the  degrees,  from  about  150  to  300  lbs. 
So  that  the  same  number  ofmen  can  perform  many  operations 
of  raising  ^eater  drafts  than  usual ;  such  as  with  the  common 
walking. wheel  or  most  other  cranes  could  not  be  accomplished 
without  additional  men :  and  the  pawl  which  drops  in  each  step 
provides  in  the  most  effectual  manner  for  the  safety  of  the  men, 
even  if  the  crane  had  not  been  so  constructed  that  their  feet 
need  never  be  more  than  12  inches  distant  from  the  stage  s/^ 
and  the  distance^  far  too  small  to  admit  of  falling  through^ 
Thus  the  very  judiciously  chosen  dimension  of  a6-feet  diame- 
ter unites  the  advantages  of  a  weight  acting  on  a  horizontal 
instead  of  inclined  lever  with  those  accruing  from  the  vertical 
and  horizontal  handles;  while  it  completely  precludes  the 
danger  which  attends  tli^  common  walking-wheel,  and  has  by 
no  means  so  much  friction  as  necessarily  attends  Mr.  Whyte's 
crane. 

Mr.  Hardie  has  likewise  contrived  a  truly  advantageous  mode 
of  operating  without  a  gibbet,  which  he  has  carried  into  efiect 
with  four  o7  his  cranes.  He  has  placed  the  crane  at  the  top  of 
the  warehouse,  so  as  to  allow  the  crane-rope  to  drop  directly 
down  from  the  barrel  of  the  crane  in  front  of  the  loop-holes; 
and  at  the  upper  floors,  where  the  shortness  of  the  rope  dimi- 
nishes the  swing  of  the  goods  in  or  put  of  the  loop-holes,  he 
has  provided  a  sliding  floor  immediately  under  the  floor  of  the 
warehouse,  which  one  man  draws  out  or  in,  by  pulling  a  cord^ 
with  the  greatest  ease,  to  receive  or  deliver  the  goods  by  a  truck 
at  the  loop-hole.  The  part  of  the  warehouse  floor  which  is 
immediately  above  the  sliding  floor  consists  of  a  thin  plate  of 
cast  iron,  which  allows  the  truck  to  run  off  the  one  on  the  other 


without  any  obstruction.  Thus  more  than  one  tnan^s  labour  in 
five  or  six  is  saved,  by  getting  rid  of  the  friction  of  the  pulley 
of  a  gibbet:  and  a  still  greater  saving  of  labour  is  eiFected  by 
accelerating  all  the  movements  at  the  loop-holes. 

9.  The  common  method  of  lowering  goods  by  the  brake  and 
brake- wheel,  even  with  the  assistance  of  a  counter- weight,,  is 
liable  to  injurious  accidents  to  the  men,  as  well  as  to  the  goods, 
when  they  consist  of  perishable  articles,  such  as  wine^  spirits, 
glasS)  &c.  Sometimes,  from  the  rapid  motion  of  the  crane^ 
parts  of  it  fly  off  with  violence,  and  kill  or  wound  the  persons 
near  it :  at  other  times  the  brake-rope  becomes  entangled  by 
turning  off  the  pulleys  or  otherwise,  or  the  rope  slips  out  of  the 
hand  of  the  man  who  conducts  it :  in  either  of  which  cases  the 
gobds  might  descend  with  all  the  accelerated  velocity  of  a  fall- 
ing body,  receiving  damage,  and  killing  or  maiming  themen^ 
hordes,  &c.  which  happen  to  be  under  them.  But  these  evils 
are  completely  remeaied  by  a  lowering  regulator  of  the  foUoWf. 
ing  description,  invented  by  Mr.  Hardie. 

PI.  XI.  fig.  5.  A  section  of  the  regulator. 

Fig.  6.  An  elevation  of  one  end  of  the  regulator.  The  same 
letters  of  reference  being  put  to  the  corresponding  parts  in  these 
figures. 

AA,  a  cast-iron  box  fixed  to  the  floor  b,  divided  into  two 
compartments,  each  10  inches  long,  one  of  4  inches  diameter, 
and  the  other  of  2  inches  diameter  :  these  are  both  filled  with 
oil,  a  liquid  not  subject  to  any  material  chan^  by  frost ;  or 
they  may  be  filled  with  water  in  summer  and  mild  weather,  and 
some  sjnrituous  liquor  (gin,  for  instance)  in  frosty  weather.  The 
two  cylinders  communicate  with  each  other  by  c,  an  aperture 
at  their  top,  and  d,  an  aperture  at  their  bottom ;  the  smaller 
compartment  having  a  cock  e,  with  its  axle  passing  through  the 
side  of  the  iron  box,  guarded  by  a  stuffing-box,  and  g  a  qua- 
drant with  notches  fixed  at  its  end,  to  receive  h  the  iron  claw, 
which  keeps  the  cock  in  its  proper  situation,  and  shows  the  ex- 
tent of  its  apertures  when  opened.  The  larger  compartment 
has  a  piston  f,  with  its  rod  passing  through  i,  the  top  of  the 
iron  box  (guarded  here  also  by  a  stufiing-box),  and  passing 
through  a  guide :  this  rod  is  connected  with  a  joint  moved  by 
a  crank,  which  is  turned  by  a  pinion  p  of  about  six  teeth ;  and 
this  pinion  is  moved  by  a  wheel,  of  a  size  suited  to  the  diameter 
erf  the  barrel  of  the  crane  and  the  weight  of  the  goods  commonly 
lowered:  this  latter  wheel  is  fixed  to  the  axle  of  the  crane  by  a 
simple  mode  <rf  connexion,  which  admits  of  its  being  disengaged 
during  the  operation  of  rising ;  it  is  also  provided  with  the  bar- 
rel rope  and  counter-weight,  which  are  commonly  used  for  ^^ ' 
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purpose  of  winding  up  the  slack  crane  rope  on  the  barrel  of  the 
crane,  to  be  ready  to  repeat  the  operation  of  lowering. 

If  the  cock  E  were  quite  shut,  the  oil  or  other  liquid  confined 
between  it  and  the  piston  would  prevent  the  piston  from  inov« 
ing,  and  of  a)urse  ninder  the  goods  hanging  from  the  wheel, 
&c.  connected  with  p,  from  descending ;  out  if  the  cock  were 
opened  a  very  little,  the  oil  would  pass  slowly  through  it,  and 
would  therefore  allow  the  piston  f  to  move  up  and  down  slowly, 
and  the  goods  to  descend  slowly  also ;  and,  in  like  manner,  a 
further  opening  of  the  cock  will  permit  the  load  to  descend  with 
a  greater  velocity :  thus  the  cock,  by  being  more  or  less  opened, 
gives  the  precise  velocity  desired  to  the  descent  of  the  goodsi 
whatever  their  weight  may  be. 

When  a  small  pinion  turned  by  a  winch  is  applied  to  the 
tooth-wheel,  occasionally  employed  to  turn  the  pinion  of  the 
crank,  one  man  with  ease  raises  the  goods  an  inch  or  two^  in 
order  to  be  swung  from,  the  floor  preparatory  to  lowering;  the 
natural  defect  of  the  winch  as  a  raising  instrument  being  of  no 
consideration  in  such  case,  where  the  goods  are  raised  merely 
to  clear  the  floor :  so  that  this  crane  and  lowering  apparatus 
possesses  a  much  higher  degree  of  perfection  in  lowermg  than 
any  of  the  other  cranes.  The  means  afforded  of  regulating  it 
to  lower  either  small  or  great  weights  with  facility,  expedition, 
and  safety,  and  without  depending,  during  the  operation,  on' 
the  precarious  attention  and  management  of  a  man,  render  it, 
in  our  opinion,  far  preferable  to  the  hazardous  and  limited  mode 
of  loweiing  goods  by  the  brake ;  while,  with  respect  both  to 
safety  and  great  savmg  of  labour,  it  obviously  surpasses  the 
modes  of  lowering  by  the  capstan  and  the  walking  wheel,  which 
require  nearly  the  same  number  of  men  to  lower  that  they  take 
to  raise  any  weight. 

We  have  dwelt  the  longer  upon  the  subject  of  cranes,  be- 
cause it  is  manifestly  of  the  first  importance  in  a  commercial 
nation :  something  further,  of  too  much  utility  to  be  entirely 
omitted,  may  perhaps  be  found  under  the  articles  engine  to 
let  down  weights^  gibbet,  Harriot's  Engine^  and  loading 
and  unloading  of  goods. 

Crane  i-j  also  a  popular  name  for  a  syphon  employed  in 
drawing  ofl^  liquors. 

This  crane  or  syphon  is  nothing  else  than  a.  bent  tube,  as 
ABG  (fig.  5.  pi.  X.)  If  the  shorter  end  ab  be  immersed  in  a 
vessel  of  water  or  other  fluid  c,  then  by  applying  the  mouth  to 
the  end  g,  and  sucking  till  the  hquor  arrives  there,  it  will  con- 
tinue to  flow  out  at  the  end  g,  as  long  as  that  end  is  lower  than 
the  surface  of  the  fluid  in  the  vessel  c.     If  there  be  a  mouth- 
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piece  at  E,  then  sucking  at  that  mouth-piece  (while  the  end  g 
IS  stopt  with  a  finger  or  otherwise)  will  make  the  fluid  flow 
when  the  obstruction  is  taken  away  from  g.  When  the  fluid 
has  begun  to  flow,  the  hole  at  e  must  be  stopped  up^  or  the 
fluid  will  flow  no  longer  than  till  the  surface  in  tne  vessel  be  as 
low  as  £• 

The  reason  of  the  motion  of  the  liquor  in  the  syphon  is  this : 
the  perpendicular  height  of  the  column  bg  being  greater  than 
that  of  BA9  the  pressure  at  g  is  greater  than  at  a  ;  and  the 
pressure  of  the  atmosphere  being  the  same  at  both  orifices  (sup« 
posing  them  of  equal  area),  therefore  the  weight  at  g  will  cause 
the  fluid  to  flow  out  there,  while  the  pressure  of  the  atmosphere 
will  force  more  liquor  up  the  end  a  ;  and  thus  the  motion  will 
continue  so  long  as  there  is  any  fluid  in  the  vessel,  provided  the 
end  G  is  lower  than  the  end  a  of  the  syphon.  Hence  it  is  ma- 
nifest, that  the  height  from  the  surface  of  the  fluid  in  the  vessel 
to  the  top  B  of  the  syphon  must  not  exceed  the  altitude  of  a 
column  of  the  fluid  whose  weight  is  equal  to  the  pressure  of  the 
atmosphere  on  the  same  base. 

The  operation  of  sucking  out  the  liquor  at  g,  which  is  often 
both  disagreeable  and  troublesome,  may  be  prevented  by  having 
an  aperture  at  the  top  b,  through  which  the  syphon  may  be 
completely  filled,  and  then  that  aperture  closed  again.  Or  a 
small  syphon  may  be  inverted,  ana  filled  with  the  fluid,  which 
may  be  kept  in  by  a  finger  applied  at  each  end  until  it  is  placed 
in  the  proper  position  for  work,  when  the  fingers  may  be  re- 
moved. 

The  syphon  will  raise  a  stream  of  water  through  an  exten- 
sive space  in  every  situation  where  a  little  descent  can  be  pro- 
cured ;  but  while  the  operation  continues,  do  water  can  be  taken 
directly  out  of  the  stream  above  the  lowest  part  of  the  tube. 
When,  however,  the  two  open  ends  of  a  syphon  are  closed,  a 
quantity  of  water  may  be  let  out  of  the  highest  part,  and  its 
place  supplied  by  introducing  a  like  quantity  which  is  of  no 
other  use :  all  the  avenues  for  the  purpose  being  then  closed, 
and  the  stream  suffered  to  flow  through  the  tube,  the  useless 
water  will  be  displaced,  and  a  fresh  quantity  may  be  soon  after 
drawn  ofl.  This  mode  of  exchange  may  be  useful  in  furnishing 
a  supply  for  washing,  and  some  other  purposes;  but  there  are 
several  domestic  uses  for  which  the  water  clrawn  off  will  not  be 
thought  sufficiently  pure.  A  method  of  taking  water  out  of  the 
syphon  at  any  height  within  the  limits  of  the  elevation,  without 
retarding  the  stream  or  introducing  another  quantity,  has  long 
been  thought  very  desirable.  Mr.  William  Close ^  of  Daltqn, 
made  a  number  of  experiments  and  observations  to  determine 
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the  practicability  of  the  project ;  from  whicli  he  at  length  de- 
duced the  following  arrangeracnt  for  extracting  a  quantity  of 
tcafer  out  of  a  syphon  at  any  elevation  (within  its  limits),  and 
supplying  its  place  with  iair. 

Into  any  part  except  the  top  side  of  a  vertical  syphon  sr 
(fig.  5.  pi.  X.)  insert  two  small  pipes,  and  let  their  apertures  in 
the  inside  of  the  tube  be  divided  by  a  projecting  piece  iabout  a 
quarter  of  an  inch  thick ;  wherever  the  pipes  are  inserted,  the 
piece  must  be  placed  in  such  a  position  that  the  current  will 
strike  against  one  of  its  flat  sides.  The  pipe  which  opens  on 
that  side  of  the  obstacle  or  dam  struck  by  the  stream  may  be 
called  the  water-pipe,  and  that  on  the  other  side  the  air-pipe. 
Insert  their  other  ends  into  a  vessel  aw.  The  air-pipe  opposite 
to  a  must  t\f^e  to  near  the  top  of  this  vessel,  but  the  water-pipe 
w  need  not  arise  above  the  place  of  its  insertion.  A  cock,  per- 
fectly air-tight,  must  be  fixed  in  each  pipe  between  the  vessel 
And  syphon :  the  vessel  axv  must  have  a  tube  t  in  its  lower  part, 
for  lettmg  out  water  j  and  this  tube  must  have  a  cock  fitted  in 
it,  or  a  valve  covered  with  leather  to  close  its  lower  end*  To 
hasten  the  delivery  of  tlte  water  in  this  vessel,  the  external  air 
may  be  admitted,  in  such  manner  as  is  most  convenient. 

The  communication  between  the  vessel  and  syphon  being  in- 
tercepted by  turning  the  cocks  in  the  pipes  aw^  and  the  branches 
of  the  sjrphon  closed  at  their  lower  ends,  the  tube  may  be  filled 
with  water  through  an  aperture  in  the  top.  After  this  aperture 
rs  closed,  and  a  stream  of  water  let  into  the  cistern  c  for  sap- 
plying  the  syphon,  the  ends  of  the  branches  may  be  opened,  and 
a  continued  stream  will  flow  through  the  tube. 

When  it  is  required  to  fill  the  vessel  aw  with  water,  exclude 
the  external  air,  and  open  the  pipes  between  it  and  the  syphon. 
The  vessel  will  soon  be  filled,  and  the  water  may  be  let  out  by 
opening  the  tube  t,  after  the  small  pipes  aw  are  again  closed  by 
turning  their  cocks. 

The  water  may  be  let  out  of  the  vessel  without  attendance, 
by  a  quantity  of  water  passing  through  four  vessels  placed  in 
the  following  order  one  below  another,  and  each  provided  with 
a  syphon. 

1.  The  highest,  an  immoveable  vessel  filled  in  a  given  time. 
2.  A  descending  vessel,  suspended  from  a  lever  or-  a  wheel, 
which  turns  the  cocks  in  the  tubes  opposite  aw  in  its  ax:is. 
This  vessel  must  have  a  tube  open  at  ooth  ends,  fixed  in  the 
middle  of  its  bottom.  3.  A  descending  vessel,  to  open  the 
valve  for  letting  water  out  of  the  vessel  aw.  It  must  be  sus- 
pended upon  the  valve  by  a  cord  or  wire  passing  through  the 
tube,  in  the  middle  of  the  second  vessel.     4,  The  lowest,  a  ves- 
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sel  of  the  same  width  with  the  second.  The  brim  of  it  must 
be  connected  to  the  outside  circumference  of  the  bottom  of  the 
second,  by  wires  or  chains. 

In  this  arrangement  the  first  vessel  will  empty  itself  into  the 
second,  which  will  close  the  cocks  in  the  pipes  opposite  a  and 
w,  before  air  is  admitted  into  the  vessel  aw.  The  third  will  be 
filled  from  the  second,  and  the  water  in  the  vessel  aw  will  be 
let  out  again ;  the  third  will  deliver  its  contents  into  the  fourth 
or  lowest,  which  will  keep  the  cocks  in  the  small  pipes  opposite 
a  and  w  close,  until  after  the  third  vessel  is  empty,  has  risen  ur^ 
and  the  external  air  can  no  longer  enter  the  vessel  a*m.  The 
fourth  being  then  emptied  by  its  syphon,  the  pipes  between  the 
vessel  aw  and  syphon  sy  will  open. 

The  diameter  of  the  second  vessel  should  be  something  le^s 
than  either  that  above  or  below  it.  The  fourth  should  be  filled 
before  the  second  is  empty  :  the  third  will  descend  last,  and  ri^ 
first :  the  second  and  fourth  will  rise  together,  immediately  after 
the  third.  If  the  second  and  fourth  were  to  rise  before  the  third, 
the  syphon  would  directly  receive  a  quantity  of  external  air,  and 
its  operations  would  cease.  It  will,  therefore,  require  much  cau- 
tion to  manage  the  cocks  and  valves,  if  another  vessel  similar  to 
^22;  is  to  be  filled  while  this  last  is  emptied,  and  emptied  while  it 
is  filled. 

The  vessel  aw  should  not  be  large ;  and,  in  order  to  overcoi^e 
the  buoyance  of  the  extracted  air,  it  is  advisable  to  make  the 
length  of  the  descending  branch  of  the  syphon  exceed  the  length 
of  the  ascending  one  as  much  as  circumstances  will  admit,  and  to 
let  the  lowest  part  of  it  be  made  of  a  conical  divergent  form. 
The  velocity  of  the  stream  will  be  thus  increased  ;  the  vessel 
aw  will  be  sooner  filled  with  water ;  and  the  depression  of  the 
two  columns  will  be  less  liable  to  happen  from  very  slight  im- 
perfections of  workmanship.  {NicholsorCs  Journal^  4to.  vol.  IV. 
p.  560.) 

Ml'.  Close  made  many  subsequent  trials,  to  bring  this  appa- 
ratus to  the  greatest  perfection  it  would  admit  of:  the  result  of 
the  whole  may  be  seen  in  No.  45.  of  the  New  Series  of  Nichol- 
son's Journal,  where  Mr.  Close  has  given  the  description  and 
effects  of  an  apparatus  for  raising  water  by  means  of  air  con- 
densed in  its  aescent  through  an  inverted  syphon. 

Nearly  analogous  to  this  contrivance  by  Mr^  Close,  is  the 
syphon  machine  of  Mr.  Detrouville,  described  by  M.  Hachette 
in  his  Traite  Elementaire  des  Machines. 

M«  Venturi,  also,  of  whom  mention  is  made  in  the  1st  vol..  of 
this  work,  has  so  blended  his  discovery  of  the  lateral  communi- 
cation of  motion  in  fluids,  with  the  principle  of  the  siphon,  as 
tp  raise  water  out  of  a  lower  reservoir,  and  pass  off  with  the 
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water  spouting  from  a  higher  one.   Imagine  that  not  more  than 
80  feet  below  the  horizontal  pipe,  whose  orifice  is  cd  (fig.  5. 
pi.  XVII.  vol.  I.)  there  is  a  reservoir  from  which  we  wish  to 
raise  water  by  means  of  a  syphon.     Let  the  longer  branch  of 
that  syphon  rise  vertically  from  the  surface  of  the  water  below, 
till  it  is  a  few  inches  above  the  horizontal  pipe  pbd,  and  then 
turn  so  that  the  descending  branch  shall  just  enter  the  top  of 
that  horizontal  pipe ;  the  place  of  insertion  being  rendered  air- 
tight.    Then^  wmle  water  in  the  vessel  mnop  escapes  through 
the  horizontal  pipe,  it  will,  by  virtue  of  the  lateral  communi- 
cation of  motion  m  fluids,  carry  on  with  it  a  portion  of  air  from 
the  syphon.    Thus,  rarefying  the  air  left  behind,  the  water  in 
the  lower  reservoir  will,  by  means  of  the  atmospheric  pressure, 
be  thrust  up  the  rising  branch  of  the  syphon.     This  operation 
continuing,  in  a  very  short  time  the  air  will  all  be  expelled  from 
the  syphon,  and  the  same  lateral  communication  of  modon  will 
be  the  means  of  drawing  water  from  the  lower  reservoir  so  long 
as  it  continues  to  flow  mm  the  upper  one. 

CYLINDERS  ^;^  steam  engines,  boring  off  is  an  ope- 
ration usually  earned  on  at  the  foundery  where  they  are  cast. 
Though  the  moulder  puraues  the  most  correct  method  his  art 
is  capable  of,  yet  it  is  impossible  to  be  certain,  that  when  the 
mould  has  received  the  metal  from  the  furnace,  it  shall  come 
out  finite  straight ;  and  if  it  should  come  out  crooked,  it  must 
remain  so;  for  the  old  method  of  boring  will  never  make  it 
otherwise  in  that  respect  It  is  not  like  boring  a  piece  of  metal 
which  is  quite  solid,  as  in  boring  guns,  &c.  All  the  old  boring 
can  do  to  a  cylinder  is  to  make  it  round  and  smooth,  for  there 
is  nothing  to  conduct  the  boring  bit  in  its  progress  through  the 
piece  but  the  form  given  it  by  Sie  moulder ;  and  a  piece  bored 
after  this  manner  may  look  very  well,  yet  if  it  is  not  straight 
it  is  not  a  cylinder :  and  an  en^ne  executed  with  such  a  vessel 
as  that  will  be  good  or  ill  in  that  respect,  as  it  approaches  to  or 
is  further  off  the  degree  of  exactness  constituting  it  a  cylinder. 
The  new  method  of  boring  (which,  as  is  observed,  article 
STEAM  ENGINE,  was  first  practised  at  Burham,  a  foundery  be- 
longing to  Mr.  Wilkinson,  iron-master)  insures  all  the  perfec- 
tion the  subject  is  capable  of;  and  when  the  process  is  conducted 
by  an  inteuigent  workman,  if  the  cylinder  should  be  cast  ever 
so  crooked,  or  ever  so  thick  on  one  side  more  than  another, 
he  can  take  out  the  redundancy  on  that  side,  and  but  scarcely 
touch  the  other.  This  will  be  easily  admitted  when  it  is  un- 
derstood^  that,  whereas  in  the  old  method  of  boring,  the  instru- 
ment which  performs  the  part  of  cutting  the  metafis  guided  in 
its  progress  by  the  already  inccnrect  form  of  the  piece  itself; 
but  in  the  new  method,  the  cutting  apparatus  is  conducted 
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along  a  thing  which  in  itself  is  a  masterpiece  of  workmanship, 
a  perfect  cylinder,  and  is  what  the  workmen  call  the  boring 
bar,  and  is  cast  of  the  best  pigs  that  can  be  procured^  ana 
turned  with  the  utmost  care  and  precision:  consequently, 
whatever  is  conducted  along  this  bar  will  proceed  in  a  right 
line ;  and  as  it  is  intended  that  this  shall  be  the  conductor  of 
the  cutter-block^  being  furnished  with  proper  cutters^  it  must 
cut  the  interior  surface  of  the  piece  quite  straight,  though  it 
may  have  been  ever  so  crooked  beiore. 

Then  this  bar  being  turned  very  true,  it  is  to  have  a  groove 
or  two  cut  opposite  to  each  other,  in  a  line  parallel  to  its  axis ; 
then  there  is  a  socket  of  cast  iron,  of  such  dimensions  as  to  suit 
for  cylinders  of  various  diameters,  and  this  socket  is  to  be  nicely 
bored  and  ground  on  the  bar ;  and  then  it  must  have  a  fillet  or 
two  (according  to  the  groove  or  grooves  in  the  bar)  let  in  on  the 
inside,  so  as  to  slide  iuong  the  bar,  but  not  to  turn  round  upon 
it:  the  external  part  must  be  made  conical,  with  four  or  six 
studs  upon  the  base  of  it  to  receive  the  cutter-block.  The  next 
thin^  is  to  give  a  progressive  motion  to  this  socket  and  cutter- 
block  while  the  bar  is  turning  on  its  own  axis ;  and  that  is  don6 
by  some  with  a  collar  of  metal  fitted  on  the  socket,  and  to  that 
collar  are  connected  two  racks,  long  enough  to  reach  through 
the  cylinder  and  communicate  with  a  pair  of  pinions,  by  which 
the  socket  is  drawn  or  pushed  alon^  the  boring  bar  by  the 
means  of  two  levers,  carrying  a  weight  at  each  sufficiently 
heavy  to  overcome  all  resistance  in  the  operation. 

Another  method  of  giving  a  progressive  motion  to  the  block 
is  to  drill  a  hole  through  the  whole  length  of  the  bar,  to  admit 
a  single  rod,  to  be  communicated  to  the  socket  by  sinking  the 
groove  (for  in  this  case  there  can  be  but  one)  entirely  through 
one  side  of  the  bar,  so  as  to  come  into  the  hole  that  has  just! 
been  drilled  through  the  bar.  Then  a  branch  from  the  internal 
part  of  the  socket  must  be  fitted  into  the  groove  with  an  eye  to 
receive  the  end  of  the  rod,  which  is  then  to  be  furnished  with 
a  key,  or  a  nut  and  washer,  to  keep  it  in  its  place  while  the  bar 
and  socket  is  turning  round,  and  a  weight  with  a  rope  over  a 
pulley  is  applied  to  pve  motion  to  the  socket,  along  the  bar. 
This  is  the  best  way  of  applying  this  method  to  boring  of  small 
cylinders,  because  there  is  no  incumbrance  upon  the  socket ; 
and  if  the  bar  is  sufficiently  strong,  it  will  move  with  great 
steadiness. 

ELLIPSOGRAPH  is  the  name  given  by  the  anonymous 
author  of  a  German  pubUcation,  entitled  "  Beschreibung  ernes 
Ellipsograph^  womitman  wahre  EUipsen  ohne  Bereehnung  der 
BrennpuftKte  sehr  lekht  beschreiben  harm^  &c.  published  at 
Gotha  in  1794,  to  a  simple  and  universal  instrument  for  draw- 
ing ellipses.    The  instrument  has  been  long  known  to  our  ma« 

N  !« 
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thematicians,  and  has  been  described,  though  not  in  such  gene* 
ral  terms  as  it  admits  of,  in  Emerson's  Conies,  Button's  Ma- 
thematical Dictionary,  and  other  works ;  but  as  it  has  not  yet 
been  adopted  for  practical  purposes,  though  it  is  far  preferable, 
in  our  opmion,  to  any  instrument  for  drawing  ellipses  now  in 
use,  we  take  this  opportunity  of  recommending  it  to  general 
notice. 

The  ellipsograph  consists  of  three  flat  and  moderately  thin 
rulers  of  wood  or  brass,  two  of  which  must  be  of  equal  lengths ; 
and  it  may  be  as  well  if  the  length  of  these  two  together  be 
equal  to  tnat  of  the  third  ruler.  Let  the  two  shorter  of  these 
rulers  be  pierced  with  a  number  of  holes  at  equal  distances, 
the  holes,  being  capable  of  receiving  either  a  pin  on  which  the 
rulers  may  turn  as  upon  a  joint,  or  a  pencil  by  which  the  curve 
may  be  described :  then,  by  connecting  these  rulers,  either  as  in 
fig.  5,  or  fig.  6.  pi.  XIV.  an  ellipse  may  be  readily  described. 
Thus,  in  fig.  5.  nang  one  end  of  the  ruler  ab  upon  a  pin  in  the 
middle  of  the  ruler  kl,  and  take  the  point  b  such  that  ab=bo, 
and  AB-f-BD=:semiconjugate  +  semitransverse  of  the  ellipse,  the 
ruler  bd  turning  upon  a  pin  in  b  as  a  joint :  take  the  point  £ 
so  that  DE:=semiconjugate,  and  put  a  pencil  into  the  hole  of 
that  point :  then,  if  the  end  d  of  the  ruler  bd  be  slidden  along 
the  edge  kl  of  the  ruler  which  passes  through  the  centre  a,  the 
pencil  at  e  will  describe  a  true  ellipse  having  the  proposed  dia- 
meters. Again,  taking  the  method  represented  in  fig.  6.  upon 
the  ruler  ac,  hang  the  ruler  bg  at  b,  so  that  AB+BE=zsemi- 
transverse,  while  ABirBDrrhalf  the  difference  of  the  semitrans- 
verse and  semiconjugate  axes :  then,  while  a  pin  at  i>  slides 
along  the  edge  of  the  ruler  kl,  the  pencil  at  E  will  describe  the 
ellipse  required.  The  truth  of  this  method  of  construction  is 
demonstrated  in  Emerson's  Conies,  prop.  75.  ellipse. 

This  instrument  niay,  it  is  obvious,  be  easily  made  either  so 
as  to  construct  small  ellipses,  now  commonly  described  by  means 
of  the  elliptical  compasses ;  or  upon  a  larger  scale,  for  the  pur- 

fose  of  describing  elliptical  centring  for  arches  of  bridges,  &c. 
n  the  latter  case  the  ellipsograph  may  be  made  sufficiently 
strong  without  being  any  way  cumbersome  in  practice.  In  the 
actual  construction  of  the  instrument  the  ruler  kl  should  be 
the  thickest,  and  the  other  two  legs  made  to  run  upon  friction 
rollers,  as  in  the  construction  of  the  pentagraph. 

It  may  not  be  altogether  useless  just  to  remark,  that  in  botK 
methods  of  usin^  the  instrument,  the  point  k  will  describe  a  cir- 
ciilar  arc ;  and  if  the  ruler  db  had  a  part  aiove  b,  equal  to  db, 
the  upper  extremity  of  that  part  would,  during  the  motion  of 
the  point  d  along  kl,  describe  a  right  line.  This  follows  evi- 
dently from  what  was  shown  in  art.  8.  of  the  introductory  part 
of  this  volume. 
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ENGINE  to  let  donson  heavy  weights.  The  simple  method 
we  are  now  about  to  describe  was  invented  by  father  Jiessin,  in 
171 4.  Suppose  it  were  required  to  lower  large  stones  from  the 
top  of  a  wall  which  is  intended  to  be  taken  down:  erect  a  frame, 
or  set  up  agin  close  by  the  side  of  the  wall,  and  let  the  pulley 
p  (fig.  4.  pi.  IV.)  be  firmly  attached  to  this  frame.  Over  this 
pulley  must  pass  a  cord,  one  end  of  which  c  has  a  hook  to  which 
the  stone,  &c^  can  readily  be  fastened ;  the  other  end  j>  carries  a 
vessel,  which  may  be  filled  with  water  from  the  reservoir  m,  on 
the  ground  at  the  bottom  of  the  wall.  Then,  while  one  man  is 
fixing  the  stone  to  the  hook  at  the  top  of  the  wall,  let  another 
put  water  into  the  vessel  D  at  the  bottom  till  it  nearly  equals 
the  weight  of  the  stone :  after  which,  leaving  both  to  the  free 
operation  of  gravity,  or  checking  the  motion  a  little  if  necessary, 
tne  stone  will  gradually  descend  to  the  ground,  while  the  vessel 
D  will  be  carried  up  to  a  funnel  a,  into  which  the  water  may  be . 
poured,  and  thence  conveyed  by  a  wooden  or  a  leather  pipe  to 
the  reservoir  m.  Then  the  vessel  d  may  be  suffered  to  descend, 
and  the  hook  c  will  be  raised  to  be  fixed  to  another  stone :  and 
thus  the  operation  may  be  repeated  as  often  as  is  necessary. 

The  same  method  may  likewise  be  adopted  in  lowering  sacks 
from  a  high  granary,  or  packages  "from  an  upper  warehouse. 
The  velocity  of  the  descending  weight  may  be  so  regulated  as  to 
have  any  proportion  to  that  which  gravity  imparts  to  bodies 
falling  freely :  thus,  if  w  denote  the  weight  to  be  lowered,  v  that 

of  the  vessel  of  water,  we  shall  have  — ,  for  the  fraction 

expressing  the  ratio  of  the  velocity  to  that  freely  imparted  by 
gravity  wnen  denoted  by  unity.  Thus,  if  v=:iw,  the  weight 
will  fall  through  j.  of  16^*^,  or  about  5|  feet  in  the  first  second : 
if  v=|^w,  the  weight  will  fall  through  j^  of  If)—,  or  about  Sf 
feet  in  the  first  second :  the  friction  of  the  pulley  being  in  both 
instances  disregarded  *. 

EPROUVETTE,  pcywder-prover,  is  an  instrument  contrived 
for  the  purpose  of  comparing  the  strength  of  different  kinds 
of  gunpowder.  One  of  the  best  for  the  proof  of  powder  in 
artillery,  is  that  contrived  by  Dr.  Hutton.  It  consists  of  a 
small  brass  gun,  about  3|  feet  long,  suspended  by  a  metallic 
stem  or  rod,  turning  by  an  axis  on  a  firm  and  strong  frame, 
by  means  of  which  the  piece  oscillates  in  a  circular  arch.  A 
little  below  the  axis,  the  stem  divides  into  two  branches,  reaching 
down  to  the  gun,  to  which  the  lower  ends  of  the  branches  are 

•  •  Engines  were  first  called  engenios  or  ingentOSf  from  tngenioius^  adapted,  or  ingS' 
niurn,  a  device  or  contrivance.  'Thie  following  is  a  copy  frond  a  London  Newspaper, 
dated  January  6th,  1 679 :  **  At  Mr.  Topics  in  the  Little  Minories,  there  is  to  be  sold 
two  frames  or  engenios  to  make  silk  stockings.*' 
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fixed,  the  one  near  the  muzzle,  the  other  nesu*  the  breech  of  the 
piece.  The  upper  end  of  the  stem  is  firmly  attached  to  the 
axis,  which  turns  very  freely  by  its  extremities  in  the  sockets  of 
the  supporting  frame ;  by  which  means  the  gun  and  stem  vibrate 
together  in  a  vertical  plane,  with  a  very  small  degree  of  friction. 
The  piece  is  charged  with  a  small  quantity,  of  powder  (usually 
about  two  ounces)  without  any  ball,  and  then  fired;  by  the/ force 
of  the  explosion,  the  piece  is  made  to  recoil  or  vibrate^  describing 
an  arch  or  angle,  which  will  be  ^eater  or  less,  according  to  the 
quantity  or  strength  of  the  powder. 

To  measure  the  quantity  of  recoil,  and  consequently  the 
strength  of  the  powder,  a  circular  brazen  or  silvered  arch  of 
a  convenient  extent,  and  of  a  radius  equal  to  its  distance  below 
the  axis,  is  fixed  against  the  descending  two  branches  of  the 
stem,  and  graduated  into  divisions,  according  to  the  purpose 
required  to  be  answered  by  the  machine:  viz.  1.  Into  equal 
parts,  or  degrees^  for  the  purpose  of  determining  the  angle 
actually  described  in  the  vibration.  2.  Into  unequal  parts, 
according  to  the  chords^  being  in  fact  100  times  the  double 
sines  of  the  half  angles,  and  running  up  to  100,  as  equivalent  to 
90  degrees ;  these  serve  to  compare  the  velocities  given  by  the 
powder.  8.  Into  unequal  parts  according  to  the  versed  smes; 
they  are,  in  truth,  100  times  the  versed  sines  of  our  common 
tables,  1414  corresponding  with  90  degrees;  these  serve  to 
compare  ihe  forces. 

The  divisions  in  these  scales  are  pointed  out  by  an  index 
which  is  carried  on  the  arch  during  the  oscillation,  and  then, 
stopping  there,  shows  the  actual  extent  of  the  vibration.  Two 
ounces  of  powder  g^ve,  on  an  average,  as  I  have  found  by  several 
trials,  about  36  on  the  chords,  or  about  21®  on  the  arch.  For 
a  moje  minute  description  with  diagrams,  see  Hutton^s  Tracts, 
vol.  Hi.  p.  168. 

The  late  Mr.  Ramsden  constructed  an  eprouvette,  which 
diflfers  from  the  preceding  simply  by  the  gun's  recoiling  in  a 
direction  parallel  to  itself  instead  of  its  vibrating  as  a  pendulum. 
In  order  to  this,  the  gun  is  suspended  upon  two  hanging  frames, 
one  at  each  end,  like  ladders.  They  ^re  equal  in  length,  and 
serve  like  the  joints  of  a  parallel  ruler,  to  make  the  gun  rise  and 
fall,  during  its  recoil  and  return,  so  as  always  to  retain  a 
direction  parallel  to  itself;  that  is,  the  horizontal  direction. 
The  degrees  are  measured  upon  a  fixed  arch,  by  means  of  a 
moveable  index,  nearly  as  in  Dr.  Button's  eprouvette. 

For  other  eprouvettes  by  Regnier,  &c.  the  reader  may  con- 
sult the  article  Powder  Provees  in  the  Pantologia.     Those 

^i  ?'^°'°"^  °^*y  "^  ®^°  ^^  Captain  Thomson's  Translation 
of  bis  Gunnery. 
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FILES,  machines  for  cutting  (f.  There  have  been  various 
eontrivances  for  this  purpose ;  but  one  of  the  best  we  are 
acquainted  with  is  described  in  the  Transactions  of  the  Ame- 
rican Philosophical  Society,  and  is  as  follows:  aaaa  fig.  6. 
pL  X.  is  a  bench  made  of  well-seasoned  oak,  the  face  of  which 
IS  planed  very  smooth,  bbbbb  the  feet  of  the  bench,  which 
should  be  substantial,  cccc  the  carriage  on  which  the  fil^ 
are  laid,  which  moves  alon^  the  face  of  the  bench  aaaa 
parallel  to  itss  ides,  and  carries  the  files  gradually  under  the 
edge  of  the  cutter  or  chisel  hh,  while  the  teeth  are  cut:  tbts 
carriage  is  made  to  move  by  a  contrivance  somewhat  similar  to 
that  which  carries  the  log  against  the  saw  of  a  saw-mill,  as  will 
be  more  particularly  described,  ddd  are  three  iron  rods, 
inserted  into  the  ends  of  the  carriage  cccc,  and  passing  through 
holes  in  the  studs  see,  which  are  screwed  firmly  against  the 
ends  of  the  bench  aaaa,  for  directing  the  course  of  the  carriage 
cccc,  parallel  to  the  ades  of  the  said  bench,  ff  two  upright 
pillars,  mortised  firmly  into  the  bench  aaaa  nearly  equidistant 
Irom  each  end  of  it,  near  the  edge,  and  directly  opposite  to  each 
other.  G  the  lever  or  arm  which  carries  the  cutter  hh  (fixed  by 
the  screw  i),  and  works  on  the  centres  of  two  screws  kk,  whicn 
are  fixed  into  the  two  pillars  ff  in  a  direction  right  across  the 
bench  aaaa.  By  tightening  or  loosening  these  screws  the 
arm  which  carries  the  chisel  may  be  made  to  work  more  or 
less  steadily,  l  is  the  regulating  screw,  by  means  of  which 
the  files  may  be  made  coarser  or  finer;  this  screw  works  in  a 
stud  H  which  is  screwed  firmly  upon  the  top  of  the  stud  f:  the 
lower  end  of  the  screw  l  bears  a^nst  the  upper  part  of  the 
arm  o,  and  limits  the  height  to  which  it  can  nse.  K  is  a  steel 
spring,  otie  end  of  which  is  screwed  to  the  other  pillar  f,  and 
the  other  end  presses  against  the  pillar  o,  which  is  fixed  upon 
the  arm  o ;  by  its  pressure  it  forces  the  said  arm  upwards, 
until  it  meets  with  tne  regulating  screw  l.  p  is  an  arm  with  a 
claw  at  one  end  marked  6,  the  other  end  is  fixed  by  a  joint 
into  the  end  of  the  stud  or  pillar  o ;  and,  by  the  motion  of  the 
arm  g,  is  made  to  move  the  ratch-wheel  q.  This  ratch-wheel 
is  fixed  upon  an  axis,  which  carries  a  small  trundle-head  or 
jnnion  r,  on  the  opposite  end;  this  takes  into  a  piece  ss^ 
which  is  indented  witn  teeth,  and  screwed  firmly  again^  one 
side  of  the  carriage  cccc :  by  means  of  this  piece  motion  is 
communicated  to  the  carriage,  t  is  a  clamp  for  fastening  one 
end  of  the  file  zz  in  the  place  or  bed  on  which  it  is  to  be  cut. 
V  is  another  damp  or  dog,  at  the  opporite  end,  which  works 
by  a  joint  w,  firmly  fixed  into  the  carriage  cccc.  y  is  abridge, 
hkewise  screwed  into  the  carriage,  through  which  the  screw  X 
passes,  and  presses  with  its  lower  endagamst  the  upper  side  of 
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the  clamp  v  ;  under  which  clamp  the  other  end  of  the  file  zz 
is  placed,  and  held  firmly  in  its  situation  while  it  is  cutting,  by 
the  pressure  of  the  said  clamp  v.  7777  is  a  bed  of  lead,  which 
is  let  into  a  cavity  formed  in  the  body  of  the  carriage,  some- 
thing broader  and  longer  than  the  largest  fixed  files;  the  upper 
face  of  this  bed  of  lead  is  formed  variously,  so  as  to  fit  the 
different  kind  of  files  which  may  be  required.  At  the  figures  2* 
are  two  catches  which  take  into  the  teeth  of  the  ratch-wheel  q, 
to  prevent  a  recoil  of  its  motion.  33  is  a  bridge  to  support 
one  end  4  of  the  axis  of  the  ratch- wheel  q.  5  a  stud  to  support 
the  other  end  of  the  axis  of  that  wheel. 

When  the  file  or  files  are  laid  in  their  place,  the  machine  piust 
be  regulated  to  cut  them  of  the  due  degree  of  fineness,  by  means 
of  the  regulating  screw  l  ;  which,  by  screwing  further  through 
the  arm  m,  will  make  the  files  finer,  and,  vice  versa^  by  unscrew- 
ing it  a  little,  will  make  them  coarser;  for  the  arm  o  will,  by 
that  means,  have  liberty  to  rise  the  higher,  which  will  occasion 
the  arm  p,  with  the  claw,  to  move  further  along  the  periphery 
of  the  ratch-wheel,  and  consequently  communicate  a  more 
extensive  motion  to  the  carriage  cccc,  and  make  the  files 
coarser. 

When  the  machine  is  thus  adjusted,  a  blind  man  may  cut  a 
file  with  more  exactness  than  can  be  done  in  the  usual  method 
with  the  keenest  sight :  for  by  striking  with  a  hammer  on  the 
head  of  the  cutter  or  chisel  hh,  all  the  movements  are  set  at 
work ;  and,  by  repeating  the  stroke  with  the  hammer,  the  files 
on  one  side  will  at  length  be  cut :  then  they  must  be  turned,  and 
the  operation  repeated,  for  cutting  the  other  side.  It  is  need- 
less to  enlarge  much  on  the  utility  or  extent  of  this  machine; 
for,  on  an  examination,  it  will  appear  to  persons  of  but  in- 
different mechanical  skill,  that  it  may  be  made  to  work  by  water 
as  readily  as  by  hand,  to  cut  coarse  or  fine,  large  or  smsQl,  files, 
or  any  number  at  a  time ;  but  it  may  be  more  particularly  useful 
for  cutting  very  fine  small  files  for  watchmakers :  as  they  may 
be  executed  by  this  machine  with  the  greatest  equality  and 
nicety  imaginable.  As  to  the  materials  and  dimensions  of  the 
several  parts  of  this  machine,  they  are  left  to  the  judgment 
and  skill  of  the  artist  who  may  have  occasion  to  make  one ;  only 
observing  that  the  whole  should  be  capable  of  bearing  a  good 
dieal  of  violence. 

FIRE-ESCAPE,  a  machine  for  removing  persons  from  the 
upper  stories  of  bouses  on  fire.  It  consists  of  a  pole,  a  rope, 
and  a  basket.  The  pole  is  of  fir,  or  a  common  scaffold  pole, 
of  any  convenient  length  from  36  to  46  feet.  The  diameter  at 
bottom,  or  greatest  end,  about  five  inches :  and  at  the  top,  or 
smallest  end,  about  three  inches.    At  three  feet  from  the  top  is 
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a  hiortise  thrdugb  the  pole,  and  a  pulley  fixed  to  it  of  nearly  the 
same  diameter  with  the  pole  in  that  part  The  rope  is  about 
three  quarters  of  an  inch  diameter,  and  twice  the  length  of  the 
pole,  with  a  spring  hook  at  one  end,  to  pass  through  the  ring  in 
the  handle  of  the  basket  when  used :  it  is  put  through  the  mortise 
OTer  the  pulley,  and  then  drawn  tight  on  each  side  to  near  the 
bottom  of  the  pole,  and  made  fast  there  till  wanted.  The 
basket  should  be  of  strong  wicker-work,  three  feet  and  a  half 
long,  two  feet  and  a  half  wide,  rounded  off  at  the  comers,  and 
four  feet  deep,  rounding  every  way  at  the  bottom.  To  the  top 
of  the  basket  is  fixed  a  strong  iron  curve  or  handle,  with  an 
eye  or  ring  in  the  middle ;  and  to  one  side  of  the  basket,  near 
the  top,  is  fixed  a  small  cord,  or  guide-rope,  of  about  the  length 
of  the  pole.  When  the  pple  is  raised,  and  set  against  a  house 
over  tne  window  from  which  any  persons  are  to  escape,  the 
manner  of  using  it  is  so  plain  and  obvious,  that  it  need  not  be 
described.  The  most  convenient  distance  from  the  house  for 
the  foot  of  the  pole  to  stand,  where  practicable,  is  about  111  or 
14  feet.  If  two  strong  iron  straps,  about  three  feet  lon^,  riveted 
to  a  bar  cross,  and  spreading  aoout  14  inches  at  the  root,  were 
fixed  at  the  bottom  of  the  pole,  this  would  prevent  its  turning 
round  or  slipping  on  the  pavement;  and  if  a  strong  iron  hoop, 
or  ferule,  riveted  (or  welded)  to  a  semicircular  piece  of  iron 
spreading  about  twelve  inches,  and  pointed  at  the  ends,  were 
fixed  on  at  the  top  of  the  pole,  it  would  prevent  its  sliding 
against  the  wall. 

When  these  two  last-mentioned  irons  are  fixed  on,  they  give 
the  pole  all  the  steadiness  of  a  ladder;  and  because  it  is  not  easy, 
except  to  persons  who  have  been  used  to  it,  to  raise  and  set  up- 
right a  pole  of  40  feet  or  more  in  length,  it  will  be  convenient  to 
have  two  small  poles  or  spars  of  about  two  inches  diameter, 
fixed  to  the  sides  of  a  great  pole  at  about  two  or  three  feet 
above  the  middle  of  it,  by  iron  eyes  riveted  to  two  plates,  so 
as  to  turn  every  way ;  the  lower  end  of  these  spars  to  reach 
within  a  foot  of  the  bottom  of  the  great  pole,  and  to  have  ferules 
and  short  spikes  to  prevent  sliding  on  the  pavement,  when  used 
occasionally  to  support  the  great  pole  like  a  tripod.  There 
should  be  two  strong  ash  trundles  let  through  the  pole,  one  at 
four  feet  and  one  at  five  feet  from  the  bottom,  to  stand  out 
about  eight  inches  on  each  side,  and  to  serve  as  handles,  or  to 
twist  the  rope  round  in  lowering  a  very  heavy  weight.  If  a 
block  and  pulley  were  fixed  at  about  the  middle  of  the  rope, 
above  the  other  pulley,  and  the  other  part  of  the  rope  made  to 
run  double,  it  would  diminish  any  weight  in  the  basket  nearly 
one-half,  and  be  very  useful  in  drawing  any  person  up  to  tfaie 
assistance  of  those  in  the  chambers,  or  for  removing  any  effects 
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out  of  a  chamber^  which  it  might  be  dangerous  to  attempt  by 
the  stairs. 

It  has  been  proved^  by  repeated  trials,  that  such  a  pole  as  we 
have  been  speaking  of  can  be  raised  from  the  ground,  and  two 
or  three  persons  taken  out  of  the  upper  windows  of  a  house, 
and  set  down  safely  in  the  street,  in  the  space  of  35  seconds,  or 
a  little  more  than  half  a  minute.  Sick  and  infirm  persons, 
women,  children,  and  many  others,  who  cannot  make  use  of  a 
ladder,  may  be  safely  and  easily  brought  down  from  any  of  the 
windows  of  the  house  on  fire  by  this  machine,  and  by  putting  a 
short  pole  through  the  handles  of  the  basket,  may  be  removed 
to  any  distance  without  being  taken  out  of  the  basket.  The 
pole  must  always  have  the  rope  ready  fixed  to  it,  and  may  be 
conveniently  laid  up  upon  two  or  three  iron  hooks  under  any 
shade  or  gateway,  and  the  basket  should  be  kept  at  the  watch- 
house.  When  the  pole  is  laid  up,  the  two  spars  should  always 
be  turned  towards  the  head  of  it.  The  basket  should  be  made 
of  peeled  rods,  and  the  pole  and  spars  painted  of  a  light  stone- 
iX>louir9  to  render  it  more  visible  when  used  in  the  night. 

Other  ingenious  contrivances  for  this  purpose  are  described 
in  Mr.  Bosworth's  ^^  Accidents  of  Human  Life  ;^'  and  for  Mr. 
Ballantyne's  Fire  Engine  and  Fire  Escape,  see  No.  42  of  the 
GlcLsgow  Mecha/nics*  Magazine,  sold  by  Steuart,  Cheapside. 

FIRE-ENGINE,  the  name  now  commonly  ^ven  to  a  ma- 
chine by  which  water  is  thrown  upon  fires  in  oraer  to  extinguish 
them.  Various  machines  have  been  contrived  for  that  purpose 
at  difi*erent  times;  the  most  essential  particulars  in  a  few  of 
which  we  shall  here  describe. 

The  usual  construction  of  the  fire*engine,  after  the  great 
improvements  were  made  in  it  by  Mr.  R.  Newsham,  was 
nearly  that  which  is  exhibited  in  fig.  %.  pi.  XV .  where  we  have 
represented  a  vertical  section  of  the  engine.  The  motion  of  the 
water  in  this  machine  is  eflected  by  the  pressure  of  the  atmo- 
sphere, the  force  of  men  acting  upon  the  extremities  h',  h'',  of 
a  lever,  and  thence  giving  motion  to  the  pistons^  and  by  the 
elasticity  of  condensed  air,  in  the  following  manner : — When 
the  piston  r  is  raised,  a  vacuum  would  be  made  in  the  barrel 
Tir  if  the  water  did  not  follow  it  from  the  inferior  canal  em 
(through  the  valve  h),  which  rises  through  the  tubeEF  immersed 
in  the  water  of  a  vessel  by  the  pressure  of  the  atmosphere  on  its 
surface.  The  water  of  the  barrel  tu,  by  the  succeeding  de- 
pression of  the  piston  r,  shuts  the  valve  h,  and  is  forced,  through 
the  superior  canal  on,  to  enter  by  the  valve  i  into  the  air- 
vessel  abed ;  and  the  like  bein^  done  alternately  with  respect  to 
the  other  barrdi  wx,  and  its  piston  s,  the  air-vessel  is,  by  these 
means^  continually  filling  with  water,  which  greatly  cominresses 
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the  air  above  the  surface  of  the  water  in  that  vessel,  and  thereby 
proportionally  augments  its  spring :  which  at  length  is  so  far 
increased  as  to  re-act  with  great  force  oii  the  surface  tz  of  the 
subjacent  water^  and  compel  it  to  ascend  through  the  small  tube 
efto  the  stop-cock  eg^  where  upon  turning  the  cock  the  water 
is  suffered  to  pass  through  a  pipe  h  fixed  to  a  ball  and  socket ; 
from  the  orifice  of  which  it  issues  in  a  continued  stream  with  a 
great  velocity,  to  a  considerable  height  or  distance ;  and  it  is 
usually  kept  from  diverging  too  soon  in  its  progress  by  means 
of  a  long  series  of  flexible  leather  pipes,  properly  joined  toge- 
ther, and  known  among  the  fire-men  by  the  name  of  the  hose. 

Desa^uliers  remarks  (vol.  I.  p.  S57.)  that  Mr.  Newsham  con- 
trived his  engines  in  such  a  manner,  ^^  that  part  of  the  men  who 
work  them  exert  their  force  by  treading,  which  is  more  effectual 
than  any  other  way  that  men  can  wgA  at  such  engines ;  the 
whole  weight  of  the  body  being  suificiently  thrown  on  the 
forces  of  the  pumps :  and  even  part  of  a  man^s  strength  mav  be 
added  to  the  weight  by  means  of  horizontal  pieces  to  which  he 
can  apply  his  hands  when  he  is  treading ;  whereas,  by  applying 
the  hands  to  move  levers  or  turn  winches,  the  power  must  act 
very  unequally.  This  is  the  reason  why  with  the  same  number 
of  men  be  has  generally  thrown  water  further,  higher,  and 
in  greater  quantities,  with  the  same  sized  engines,  than  other 
engineers  wno  have  tried  their  engines  against  his."  Notwith- 
standing the  truth  of  this  remark,  we  are  not  aware  that  the 
combination  of  human  weight  and  strength  here  recommended 
has  been  practised  in  any  subsequent  fire-engines,  or  indeed  in 
any  machines  whatever,  except  the  ingenious  walking  crane  of 
Mr.  Hardie. 

The  greatest  artifice  in  the  en^e  according  to  the  construc- 
tik>n  just  described  is  the  contrivance  to  produce  a  continual 
stream^  which  is  done  by  the  compres»on  and  proportional 
elasticity  of  air  in  the  barrel  abed,  called  the  air-vessel.  For 
the  air,  being  an  elastic  fluid,  will  be  susceptible  of  oompres- 
Qon  in  any  degree  by  the  water  forced  in  through  the  valves  at 
IK ;  and,  since  the  force  of  the  air's  spring  will  always  be  in- 
versely as  the  spajce  it  possesses  (art.  489.  vol.  I.),  it  follows 
that  when  the  air-vessel  is  half  full  of  water  the  air  will  be 
compressed  into  half  the  space  it  possessed  at  first,  and  there- 
fore its  spring  will  be  twice  as  great  as  at  first. 

But  this  spring  at  first  was  equal  to  the  pressure  of  the  at- 
mosphere on  the  same  surface :  for  if  it  were  not  it  could  not 
have  sustidned  or  reasted  the  pressure  of  the  atmosphere  whidi 
stood  over  it,  and  consequently  could  not  have  filled  the  vessel 
before  the  water  was  driven  in;  which  yet  we  find  it  did,  and 
maintained  an  equilibrium  with  the  common  air.     The  vessel 
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then  being  half  filled  with  water,  or  the  air  compressed  into  half 
the  first  space,  its  spring  will  in  this  case  be  equal  to  twice  the 
pressure  of  the  atmosphere ;  and  therefore  when  the  stop-cock 
at  p  is  turned,  the  air  within,  pressing  on  the  subjacent  water 
with  twice  the  force  it  meets  with  from  the  external  air  in  the 
pipe  efj  will  cause  the  water  to  spout  out  of  the  engine  to  the 
height  of  82  or  33  feet,  if  the  friction  is  not  too  great. 

When  the  air-vessel  is  ^  full  of  water,  the  ^r  takes  up  |  part; 
whence  its  spring  will  be  three  times  as  great  as  that  of  the 
common  air,  and  it  will  project  the  water  with  twice  the  com- 
mon atmospheric  pressure ;  consequently,  it  will  rise  to  the 
height  of  62  or  64  feet.  When  the  air-vessel  is  I  full  of  water 
the  air  will  be  compressed  into  its  ^  part,  and  so  will  protrude 
the  water  with  three  times  the  atmospheric  pressure,  and  carry 
it  to  the  height  of  96  or  99  feet.  Hence  it  will  be  easy  to  state 
the  law  by  which  the  spring  of  the  air  will  act  on  the  surface 
of  the  water  below  it,  as  in  the  following  table. 
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Various  alterations  and  improvements  have  been  made  from 
time  to  time  in  the  construction  of  Fire-engines.  The  con- 
trivers of  some  of  these  improvements,  as  Messrs.  Bramah, 
Dickenson,  Simpkin,  Rowntree,  and  Phillips,  have  secured  thdr 
inventions  from  infringement  by  patents ;  the  specifications  of 
most  of  which  may  be  seen  in  the  Repertory  of  Arts  and  Manu- 
factures. In  the  year  1785  the  silver  medal  and  twenty  guineas 
were  conferred  by  the  '*  Society  for  the  Encouragement  oTArts,'' 
&c.  on  Mr.  Furst,  as  a  reward  for  his  contrivance  to  increase 
the  effect  of  engines  in  extinguishing  fires;  of  which  the  follow- 
ing is  a  short  description :  from  a  platform  rises  an  upright  pole 
or  mast,  of  such  height  as  may  be  judged  necessary ;  a  gafl  slides 
upon  it  in  an  ascending  direction,  and  along  both  is  conveyed 
the  leather  hose  from  the  engine.  The  branch  or  Hose-pipe  of 
the  engine  projects  at  the  extremity  of  the  gafl;  towards  which 
an  iron  frame  is  fixed,  whence  two  chains  are  suspended;  and. 
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irom  these  hang  ropes,  which  serve  to  give  an  horizontal  direc- 
tion to  the  branch ;  while  other  ropes,  that  run  through  proper 
pulleys,  and  are  thus  conveyed  down  the  mast,  serve  likewise 
to  communicate  a  vertical  motion  to  it.  By  these  means,  the 
branch  or  nose-pipe  of  the  engine  is  conducted  into  the  win- 
dow of  any  room  where  the  fire  more  immediately  rages;  and 
the  effect  of  the  water  discharged  is  applied  in  the  most  effica- 
cious manner  to  the  extinguishing  of  the  flames. 

A  very  cheap  and  simple  fire-engine  is  that  invented  in 
America  by  Mr.  Benjamin  Dearborn^  who.  communicated  it 
to  the  American  Academy  of  Arts  and  Sciences,  from  whose 
Memoirs  for  1 794  we  extract  the  following  particulars : 

Figi  4.  pi.  XV.  AB  and  cd  are  the  edges  of  two  planks,  con- 
fined bv  four  bolts ;  a  b  and  c  d  are  two  cylindrical  barrels,  in 
each  of  which  a  piston,  with  a  valve,  is  fastened  to  the  spear  e^ 
and  is  moved  up  and  down  alternately  by  the  motion  of  the, 
arms  ee.  Beneath  each  barrel  a  hole  is  made  through  the 
plank  AB,  which  is  covered  with  a  valve.  The  arms  ee  are 
suspended  on  the  common  centre^;  there  are  also  arms  parallel 
to  these  on  the  opposite  side:  £g*  are  the  ends  of  handles  which 
are  fastened  across  the  ends  oitbe  arms.  At  A  a  bolt  goes  across 
from  arm  to  arm,  to  which  the  piece  ik  is  affixed,  and  on  which 
it  plays ;  the  lower  end  of  this  piece  is  fastened  to  the  top  of  the 
spear  e.  off  is  a  standard  for  the  purpose  of  supporting  the 
arms,  to  which  there  is  a  correspondent  one  on  the  opposite 
side ;  both  are  notched  into  the  edges  of  the  planks,  where  they 
are  secured  by  a  bolt,  which  passes  through  them  at  Z,  and  has 
a  nut  or  fore-lock  on  the  opposite  side,  hi,  hi, are  square  braces, 
answering  the  purpose  of  ducts,  through  which  the  water 
ascends  from  the  barrels,  passing  through  the  plank  at  nu  kl, 
XL,  are  irons  in  the  form  of  a  staple,  m  order  to  confine  the 
braces :  the  lower  ends  of  these  irons  meet,  and  are  secured  by 
a  bolt  passing  through  them,  and  mn7/o,  which  is  a  piece  that 
goes  up  through  a  mortise  in  the  centre  of  the  planks.  This 
piece  is  square  from  the  lower  end,  till  it  reaches  the  top  of  the 
braces ;  whence  they  becoipe  cylindrical  to  the  top,  the  upper 
end  being  perforated  sufiiciently  low  down,  in  order  to  com- 
municate with  the  braces,  op  is  an  iron  ring  that  surrounds 
the  tube,  and  has  two  shanks  which  ascend  through  the  head, 
which  screws  on  the  top  Bipq;  rs  is  a  ferule  nailed  round  the 
tube. 

.  Fig.  5.  is  the  same  engine ;  the  arms  and  standards  being 
taken  off,  in  order  to  delineate  more  clearly  the  mode  of  se- 
curing the  braces ;  an  object  which  is  completely  effected  by  a 
wedge  driven  into  the  mortise  a :  beneath  the  upper  plank  b  is 
a  hole  for  admitting  a  passage  to  the  ^bolt,  which  secure  the 
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standarcU.  In  this  figure  a  side  view  of  the  head  is  given,  with 
the  pipe  in  a  perpendicular  direction. 

The  machine  is  confined  within  a  box,  set  on  wheels,  as  in 
the  common  fire-engines.  The  whole  is  made  of  wood,  ex- 
cepting the  spears  of  the  pumps,  and  a  few  bolts,  &c.  The 
advantages  of  this  machine  are,  that  it  can  be  made  in  any 
place  where  common  pumps  are  manufactured ;  that  the  interior 
work  will  not  exceed  one-fourth  of  the  price  of  those  which  are 
constructed  on  the  usual  plan ;  and  that  they  are  incompara- 
blv  more  easy  to  work  than  the  common  ones :  circumstances 
which  strongly  recommend  the  American  fire-engine  to  the 
attention  of  the  public. 

FLAX-MILLS  have  been  constructed  in  great  variety:  but 
one  of  the  best  we  are  acquainted  with  is  described  in  Gray*s 
Emerienced  MUlwright,  m  nearly  the  following  terms : 

Pig.  1.  pi.  XVI.  is  the  plan,  a  a,  the  water-wheel,  cc, 
the  shaft  or  axle  upon  whicn  it  is  fixed,  bb,  a  wheel  fastened 
upon  the  same  shafts  containing  102  teeth,  to  drive  the  pinion 
B,  having  25  teeth,  which  is  fixed  upon  the  middle  bruising- 
roller:  E,  a  pinion  in  which  are  10  teeth,  turned  by  the  wheel 
B,  which  is  fastened  upon  the  under  end  of  the  perpendicular 
shaft  that  carries  the  scutchers,  mm,  the  large  frame  that 
supports  one  end  of  the  shaft  c,  and  the  perpendicular  axle. 
NN  are  frames  in  which  the  rollers  turn  that  break  or  bruise 
the  rough  flax,  i  a  and  l,  the  machine  and  handle  to  raise  the 
sluice  when  the  water  is  to  be  let  on  the  wheel  aa  to  turn  it 
round,  gg,  doors  on  the  side-walls  of  the  mill-house,  ik, 
windows  to  lighten  the  house,  hh,  stairs  leading  up  to  the 
loft. 

Fig.  2.  Elevation,  aa,  the  water-wheel  upon  its  shaft  cc, 
on  which  shaft  the  wheel  bb  is  also  fixed :  this  latter  wheel  con- 
taining 102  teeth,'  to  turn  the  wheel  £,  having  25  teeth,  which 
is  fastened  upon  the  middle  bruising-roller,  ff  is  a  vertical 
shaft,  upon  the  lower  end  of  which  is  fixed  a  pinion  having  10 
teeth,  which  is  driven  bv  the  wheel  b.  There  are  two  arms 
that  pass  through  the  shaft  f  ;  and  upon  these  arms  are  fastened, 
with  screwed  iron  bolts,  the  scutchers  that  clear  the  refuse  off 
the  flax,  db,  the  frames  which  support  one  end  of  the  axle  c, 
the  vertical  shaft,  and  the  breaking  rollers :  l,  a  weight  sus- 

E ended  by  a  rope,  the  other  end  of  which  is  fastened  to  a 
^  earer,  as  is  seen  in  fig  3.  ss  a  lever,  the  short  arm  of  which 
is  attached  to  the  frame  that  the  ^dgeons  of  the  upper  roller 
turn  in ;  and  by  pushing  down  the  long  arm,  the  upper  roller  is, 
when  necessary,  so  raised  as  to  be  dear  of  the  middle  one. 
NN,  the  end  walls  of  the  mill-house,  rr,  the  couples  or  frame 
of  the  roof,    h,  a  door  in  the  side-wall,    is,  windows. 
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Fig.  3.  Section,    aa,  the  great  water-wheel  fixed  upon  its 
shaft,  and  containing  40  aws  or  float-boards  to  receive  the  water 
which  communicates  motion  to  the  whole  machinery,    bb,  a 
wheel  fastened  upon  the  same  axle,  having,  as  before  mentioned, 
102  cogs,  to  drive  the  wheel  c  of  25  teeth  which  is  fixed 
upon  the  middle  roller,  No.  1 .  The  thick  part  of  this  roller  is 
fluted,  or  rather  has  teeth  all  round  its  circumference.    These 
teeth  are  of  an  angular  form,  being  broad  at  their  base,  and 
thinner  towards  their  outward  extremities,  which  are  a  little 
rounded,  to  prevent  them  from  cutting  the  flax  as  it  passes 
through  betwixt  the  rollers.  The  other  two  rollers  Nos.  S.  and 
8.  have  teeth  in  them  of  the  same  form  and  size  as  those  in  the 
middle  roller,  whose  teeth,  by  taking  into  those  of  these  two 
rollers,  turns  them  both  round.  The  rough  flax  is  made  up  into 
small  parcels,  which  being  introduced  betwixt  the  middle  and 
upper  rollers,  pass  round  the  middle  one;  and  this  either  having 
rollers  placed  on  its  offside,  or  being  inclosed  by  a  curved  board 
that  turns  the  flax  out  betwixt  themiddleand  under  rollers,  when 
it  is  again  put  in  betwixt  the  middle  and  upper  one,  round  the 
same  course,  until  it  be  sufficiently  broken  or  softened,  and  pre^ 
pared  for  the  scutching  machine.  The  bearer  in  which  the  gud- 
geon of  the  roller  No.  1 .  turns  is  fixed  on  the  frame  at  c;  ana  the 
gudgeons  of  the  rollers  Nos.  £.  and  3.  turn  in  sliders  that  move 
up  or  down  in  grooves  in  the  frames  ss.     The  under  roller  is 
kept  up  to  the  middle  one  by  the  weights  no,  suspended  by  two 
ropes  going  over  two  sheeves  in  the  frames  ss ;  their  other  ends 
being  &stened  to  a  transverse  bearer  below  the  sliders  in  which 
the  gudgeons  of  the  roller  Na  3.  turn.   The  weights  dd  must 
be  considerably  heavier  than  the  under  roller  and  sliders,  in 
order  that  its  teeth  may  be  pressed  in  betwixt  the  teeth  of  No.  1. 
to  bruise  the  flax  when  passing  between  the  rollers.    The  whole 
weight  of  the  roller  No.  £.  presses  on  the  flax  which  passes 
between  it  and  No.  1.  There  is  also  a  box  fixed  on  the  upper 
edge'  of  its  two  sliders  to  contain  a  parcel  of  stones,  or  lumps  of 
any  heavy  metal,  so  that  more  or  less  weight  can  be  added  to 
the  roller  as  is  found  necessary.     00,  is  the  large  frame  that 
supports  one  end  of  the  shaft  which  carries  the  two  wheels  a,b, 
and  vertical  axle  ff;  on  the  lower  end  of  which  is  fixed  the 
pinion  turned  by  the  wheel  b,  and  having  10  teeth.  In  the  axle 
F  are  arms  upon  which  the  scutchers  are  fastened  with  screwed 
bolts,  as  seen  at  go,  fig.  2.    These  scutchers  are  inclosed  in 
the  cylindrical  box  be,  naving  in  its  curved  surface  holes  or 
porches  at  which  the  handfuls  of  flax  are  held  in,  that  they  may 
be  cleaned  by  the  revolving  scutchers,     hh,  the  fall  or  course 
of  the  water,     tt,  the  sluice,  machine,  and  handle,  for  raising 
the  sluice  to  let  the  water  op  the  great  wheel.    The  gudgeons 
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of  the  axles  should  all  turn  in  cods  or  bushes  of  brass,     kk,  the 
side-walls  of  the  mill-house,     gg,  doors,     ll,  windows. 

FLOUIUMILLS  are  put  into  motions  in  various  ways: 
sometimes  the  first  mover  is  wind,  at  others  water,  at  others  the 
force  of  steam,  at  others  the  muscular  energy  of  animals.  See 
FooUmiUy  Hand-mill^  fVirid-miU^  &c. 

The  mechanism  of  the  grinding  part  of  most  of  these  is 
nearly  the  same,  and  well  understood :  so  that  it  will  not  be 
necessary  to  enter  much  into  minutice,  but  merely  to  present  a 
general  description  of  a  well-constructed  mill,  with  any  first 
mover;  and  subjoin  to  this  description  some  remarks^  rules^ 
and  tables. 

In  plate  XVII.  we  have  given  a  section  of  a  double  Flour- 
mill,  reduced  from  Gray'^s  Experienced  Millwright,  with  the 
following  account,     aa,  the  water-wheel,      bb,  its  shaft  or 
axle,    cc,  a  wheel  fixed  upon  the  same  shaft,  ^  containing  90 
teeth  or  cogs,  to  drive  the  pinion  No.  1 .  having  S3  teeth,  which 
is  fastened  upon  the  vertical  shaft  d.   No.  2,  a  wheel  fixed  upon 
the  shaft  d,  containing  82  teeth^  to  turn  the  two  pinions  ff, 
having  15  teeth,  which  are  fastened  upon  the  iron  axles  or 
spindles  that  carry  the  two  upper  mill-stones,     ee,  the  beam 
or  sill  that  supports  the  frame  on  which  the  under  mill-stones 
are  laid,     gg,  the  cases  or  boxes  that  enclose  the  upper  mill- 
stones ;  they  should  be  about  S  inches  distant  from  the  stone  all 
round  its  circumference,    tt,  the  bearers,  called  bridges,  upon 
which  the  under  end  of  the  iron  spindles  turn.   These  spindles 
pass  upward  through  a  hole  in  the  middle  of  the  nether  mill- 
stones, in  which  is  fixed  a  wooden  bush  that  their  upper  ends 
turn  in.     The  top  part  of  the  spindles,  above  each  wooden 
bush,  is  made  square,  and  goes  into  a  square  hole  in  an  iron 
cross,  which  is  admitted  into  grooves  in  the  middle  and  under« 
surface  of  the  upper  mill-stone.     By  this  means  that  stone  is 
carried  round  along  with  the  trundles  ff,  when  turned  by  the 
wheel  No.  2.     One  end  of  the  bridges  tt  is  put  into  mortises 
in  fixed  bearers,  and  the  other  end  into  mortises  in  the  bearers 
that  move  at  one  end  on  iron  bolts,  their  other  ends  hanging  by 
iron  rods  having  screwed  nuts,  as  uu ;  so  that  when  turned  for- 
ward or  backward  they  raise  or  depress  the  upper  mill-stones, 
according  as  the  miller  finds  it  necessary,    ss,  the  feeders,  in 
the  under  end  of  each  of  which  is  a  square  socket  that  goes  upoa 
the  square  of  the  spindles  above  the  iron  cross  or  rind,  and 
having  three  or  four  branches  that  move  the  spout  or  shoe,  and 
feed  the  wheat  constantly  firom  the  hoppers  into  the  hole  or 
eye  of  the  upper  mill-stone^  where  it  is  introduced  betwixt  the 
stones ;  and  by  the  circular  motion  of  the  upper  stones  acquires 
a  centrifugal  force ;  and  proceeding  gradually  from  the  eye  of 
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the  miU-stone  towards  the  circumference,  is  at  length  thrown 
out  in  flour  or  meal,    rr,  the  sluice,  machine,  and  handle,  to 
raise  the  sluice,  and  let  the  water  on  the  wheel  a  to  drive  it 
round.  No.  3.  is  a  wheel  fixed  upon  the  shaft  d,  containing  44 
teeth,  to  turn  the  pinion  No.  4,  having  15  teeth,  which  is  fas- 
tened upon  the  horizontal  axle  h.     On  this  axle  is  also  fixed 
the  barrel  k,  on  which  go  the  two  leather  belts  that  turn  the 
wire  engine  and  bolting  mill,     h,  an  iron  spindle,  in  the  under 
end  of  which  is  a  sauare  socket  that  takes  in  a  square  on  the  top 
of  the  gudgeon  of  the  vertical  shaft  d.     There  is  a  pinion  h,  of 
9  teeth,  fixed  on  the  upper  end  of  the  spindle  l,  to  turn  the 
wheel  MM,  having  48  teeth,  which  is  fastened  upon  the  axle 
round  which  the  rope  zz  rolls,  to  carry  the  sacks  of  flour  up  to 
the  cooling  benches.    By  pulling  the  cord  oo  a  little,  the  wheel 
MM  and  its  axle  are  put  into  motion,  in  consequence  of  that 
wheel  and  its  axle  being  moved  horizontally,  until  the  teeth  of 
the  wheel  are  brought  into  contact  with  those  of  the  pinion  at 
the  top  of  the  spinme  l:  and,  on  the  contrary,  by  pulling  the 
cord  pp,  the  wheel  m  and  its  axle  are  moved  in  the  opposite 
horizontal  direction,  till  they  are  thrown  out  of  geer  with  the 
pinion,  and  the  rotatory  motion  of  that  wheel  stops.  But  when 
the  sack  of  flour  is  raised  up  to  the  lever  q,  it  pushes  up  that 
end  of  the  lever,  and  of  course  the  other  end  down ;  by  which 
means  the  pinion  m  is  disengaged,  and  thus  that  part  of  the  ma« 
chine  stops  of  itself,     nn  are  two  large  hoppers,  into  which  the 
dean  wheat  is  put  to  be  conveyed  down  to  the  hoppers  ss^ 
placed  on  the  frame  immediately  above  the  mill-stones,     ww, 
the  side-wall  of  the  mill-house,    v,  the  couples  or  frame  of  the 
roo£    XX,  windows  to  lighten  the  house. 

Fig.  1.  in  the  margin  represents  the  surface  of  the  under 
grinoing  mill-stone;  the  way  of  laying  out  the  roads  or  channels; 
Uie  wooden  bush  fixed  into  the  hole  in  its  middle,  in  which 
the  upper  end  of  the  iron  spindle  turns  round ;  and  the  case 
or  hoops  that  surround  the  upper  one,  which  ought  to  be  two 
inches  clear  of  the  stone  all  round  its  circumference. 

Fig.  2.  the  upper  grinding  mill-stone,  and  iron  cross  or  rind 
in  its  middle;  in  the  centre  of  which  is  a  square  hose  that  takes 
in  a  square  on  the  top  of  the  iron  spindle,  to  carry  round  the 
mill-stone.  When  the  working  sides  or  faces  of  the  mill-stones. 
are  laid  uppermost,  the  roads  (or  channek)  must  lie  in  the  same 
direction  m  both ;  so  that  when  the  upper  stone  is  turned  over, 
and  its  sur&ce  laid  upon  the  under  one,  then  the  channels  may 
cross  each  other,  which  assists  in  grinding  and  throwing  out  the 
flour;  the  sharp  edges  of  the  two  furrows  then  cutting  against 
each  other  like  scissors.  The  roads  are  likewise  laid  out  accord- 
ing to  die  way  the  upper  stone  revolves.  In  those  represented 
vol.,  II,  ^ 
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in  the  figures  the  running  mill-stone  is  supposed  to  turn  '*  sttn- 
way^  or  as  in  what  is  called  a  rigfit-handed  mill :  but  if  the 
stone  revolves  the  other  way  the  channels  must  be  cut  the  re- 
verse of  this,  and  then  the  mill  is  termed  a  lefUumded  one. 

The  elevation  of  this  mill  may  be  seen  in  Gray*s  Millwright, 
pi.  XXXI. 

^  It  will  not  be  expected  that  we  should  allot  much  space  to 
the  theory  of  flour-mills,  though  it  may  not  be  advisable  to 
pass  it  over  entirely.  We  shall  therefore  give  two  or  three 
theorems  for  a  single  flour-mill  of  the  common  construction, 
which  may  be  applied  with  facility,  so  far  as  they  are  useful,  to 
double  or  triple  mills. 

Let  the  weight  of  the  upper  stone  when  furrowed  be  =  w, 
the  resistance  of  the  corn  reduced  to  the  distance  of  the  centre 
of  gyration,  or  at  ^  of  the  radius  of  the  upper  stone  ^  r,  then 

according  to  Belidor,  b  =  --,  while  according  to  Fabre  r  = 

~.     But  when  the  upper  stone  to  work  most  advantageously 
in  every  respect  goes  round  60  times  in  a  minute,  we  have 

^  60     2w  _      60  2w  DW 


N     35         450-r-I>      3S    "~  I31j 

This,  however,  would  require  an  upper  mill-stone  of  about  7i 
feet  diameter :  for  when  the  diameter  of  that  stone  is  d  in  feet? 
and  N  the  most  advantageous  number  of  rotations  in  1  minute> 

we  have,  from  many  observations,  n  =  — ,  as  introduced  into 

the  pj^eceding  theorem ;  and  this,  when  n  zz.  60,  gives  d  =7f  • 
Let  the  whole  friction  when  reduced  to  |.  of  the  radius  of 
the  upper  stone  be  represented  by  f,  and  the  eflfective  distance 
of  the  force  or  power  from  the  axe  on  which  the  stone  revolves 
=  r,  the  number  of  teeth  in  the  first  or  commanding  wheel  == 
M,  and  the  number  of  staves  in  the  trundle  =  w,  the  number  of 
revolutions  of  the  water-wheel  in  1  minute  =  n,  the  power 
which  at  the  distance  r  from  the  axe  of  the  water-wheel  is  ne- 
cessary to  retain  the  whole  load  in  equilbrium  =  p ;  so  shall 
we  have 

'y  =  ^-  4^d(r4-f) 

whence,  ;?  =  -^(rH-f) 
or,  because  J^zz  ^ 

m  n 

wehave;7  =  -?^(B-|-F). 

Let  the  time  in  seconds  in  which  the  water-wheel  revolves 
be  =  ty  the  velocity  with  which  any  point  in  its  circumference 
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moves  =  V,  the  height  due  to  this  velocity  beine  =  //.«•  = 
3141593,  and  g-  =  16^^  feet,  then  is 

Eut  it  is  also  «  =  -^  N  =  --.  1^ 
therefore  ^^2^  =  ^,  andr  =  "'^^"^^ 

An  undershot- wheel  produces  the  greatest  useful  efFect,  when 
the  height  due  to  the  velocity  of  the  impinging  water  being  h, 
we  have  A  =  ^h,  or  t? :  v : :  v'i  :  1  :  :  1 :  2*24  nearly :  retaining 
these  as  sufficiently  exact  for  practice,  the  most  advantageous 
radius  of  the  undershot  water  wheel,  the  water  pushing  against 
shovels  or  float-boards,  is 


45()?r>i  m 

•OlOlDMV 

or  again  ^  =  - 


pi  I 

m 


where  v  is  the  velocity  of  the  impinging  water. 

But  in  undershot-mills  the  fall  is  seldom,  if  ever,  more  than 
1 5  or  16  feet :  in  that  case  the  most  advantageous  position  of 
the  work  is  to  have 


M  122-27 


fn  DV 


Further,  let  l  =  the  number  of  pounds  of  meal  which  are 
produced  every  hour,  s  =  the  specific  gravity  of  the  upper 
mill-stone,  that  of  water  being  unity^  anu  b  the  solid  content  of 
the  stqne  in  cubic  feet:  the: remaining  letters  having. the  same 
acceptation  as  before;  then 


for  rye  and  wheat  l  =  0*02 1  d^vb  — -  pounds. 
for  old  barley  l  s0'06d^«b  —  pounds. 


Mr.  Ferguson  has  made  some  practical  observations  on  mills, 
which,  as  tney  are  not  far  from  coincidence  with  the  preceding 
theorems,  may  be  introduced  here. 

When  the  diameter  of  the  upper  stone  is  about  6  feet,  as  is 
generally  the  case,  the  lower  is  about  an  inch  more:  the  upper 
stone  then  contains  about  22^  cubic  feet,  and  weighs  rather 
more  than  19000  pounds.  A  stone  of  this  kind  ought  never  to 
revolve  more  than  60  or  70  times  in  a  minute;  for  a  more  rapid 
motion  would  heat  the  meal.  Nor  must  the  water-wheel  be  too 
large,  for  in  that  case  its  angular  motion  will  be  too  slow;  on 
the  contrary,  if  the  wheel  be  too  small,  it  will  be  deficient  in 
moving  power:  18  feet  diameter  is  recommended  as  a  proper 

o    2 
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medium.  And  Mr.  Ferguson,  on  the  suppositicm  that  the  floats 
of  the  wheel  ought  to  move  with  a  third  part  of  the  velocity  of 
the  water — a  supposition,  however,  which  is  not  strictly  con- 
sistent either  with  theory  or  with  Mr.  Smeaton's  experiments 
(see  vol.  I.  arts.  473.  483,  &c.) — gives  the  following  rules  for 
constructing  the  chief  parts  of  the  mill. 

1 .  Measure  the  perpendicular  height  of  the  fall  of  water  in  feet 
above  that  part  of  the  wheel  on  which  the  water  begins  to  act, 
and  call  that  the  height  of  the  fall. 

£  Multiply  this  constant  number  64*2882  (or  rather  64f )  by 
the  height  of  the  fall  in  feet,  and  extract  the  square  root  of  tfale 
product,  which  will  be  the  velocity  of  the  water  at  the  bottom 
of  the  fall,  or  the  number  of  feet  the  water  moves  per  second.  - 

3.  Divide  the  velocity  of  the  water  by  3 ;  and  the.  quotient 
will  be  the  velocity  of  the  floats  of  the  wheel  in  feet  per  second. 

4.  Divide  the  circumference  of  the  wheel  in  teet,  by  the 
velocity  of  its  floats ;  and  the  quotient  will  be  the  number  of 
seconds  in  one  turn  or  revolution  of  the  great  water-wheel,  on 
the  axis  of  which  is  fixed  the  cog-wheel  that  turns  the  trundle. 

5.  Divide  60  by  the  number  of  seconds  in  one  turn  of  the 
water-wheel  or  cog-wheel ;  and  the  quotient  will  be  the  number 
of  turns  of  either  of  these  wheels  in  a  minute. 

6.  Divide  60  (the  number  of  turns  the  mill-stone  ought  to 
have  in  a  minute)  by  the  above-said  number  of  turns;  and  the 
quotient  will  be  the  number  of  turns  the  mill-stone  ought  to 
have  for  one  turn  of  the  water  or  cog  wheel.     Then, 

7.  As  the  required  number  of  turns  of  the  mill-stone  in  a 
minute  is  to  the  number  of  turns  of  the  cog-wheel  in  a  minute^ 
so  must  the  number  of  cogs  in  the  whed  be  to  the  number 
of  staves  or  rounds  in  the  trundle  on  the  axis  of  the  mill-stone, 
in  the  nearest  whole  number  that  can  be  found. 

By  these  rules  the  following  table  is  calculated;  in  which  the 
diameter  of  the  water-wheel  is  supposed  1 8  feet,  and  conse- 
quently its  circumference  56^. 
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Tkg  Millwr^ifs  Table 

• 

- 

Nearest 

Number 

Per. 

Required 

num.  of 

'cogs 

of  turns 

Number 

pendi- 

Velocity 

Velocity 

Number 

number 

and  staves 

of  the 

of  turns 

cular 

of  the 

of  the 

of  turns 

of  turns 

for  that 

millstone 

of  the 

height 

water  in 

wheel  in 

of  the 

of  the 

purpose 

for  one 

millstone 

of  the 
fall  of 

feet  per 
second. 

feet  per 
second. 

wheel  in 
a  minute. 

millstone 
for  each 

turn  of 
the  wheel 

in  a  min. 
by  these 

water. 

turn  of 

Q 

CO 

by  these 

cogs  and 

the  wheel. 

& 

< 

cogs  and 

staves. 

• 

? 

staves. 

i 

8-02 

2.67 

2-83 

21-20 

127 

6 

21-17 

59-91 

2 

n-40 

3.78 

4-00 

15-00 

105 

7 

15-00 

60-00 

3 

13-89 

4-6J 

4-91 

12-23 

98 

8 

12-25 

60-14 

4 

16*04 

5-35 

5-67 

10-58 

95 

9 

10-56 

59.87 

5 

1793 

6-98 

6-34 

9-46 

85 

9 

9-44 

59-84 

6 

19*64 

6-55 

6-94 

8-64 

78 

9 

8-66 

60-10 

7 

21-21 

7-07 

7-50 

8-00 

72 

9 

8-00 

60-00 

8 

22-68 

7-56 

8-02 

'7-48 

67 

9 

7-44 

59-67 

9 

24-05 

8-02 

8-51 

7-05 

70 

10^ 

7  00 

59-57 

10 

25-35 

8-45 

8-27 

6-69 

67 

10 

6-70 

60-09 

II 

2^-59 

8-K6 

9-40 

6-38 

64 

10 

6-40 

60-16 

12 

27-77 

9-26 

9-82 

6-11 

61 

10 

6-10 

59-90 

13 

28-91 

9-64 

10-22 

5-87 

69 

10 

5-80 

60-18 

14 

30-00 

looo 

10-60 

5-66 

56 

10 

5-60 

59-36 

15 

31  05 

10-35 

10-99 

5-46 

55 

10 

5-40 

60-48 

16 

32-07 

10-69 

11.34 

5-29 

S3 

10 

6-30 

60.10 

17 

33-06 

11-02 

11-70 

5.13 

51 

10 

5-10 

59-67 

18 

34-02 

11-34 

12-02 

4.99 

60 

10 

6-00 

60-10 

19 

34-95 

11-65 

1  -^-37 

4.85 

49 

10 

4-80 

60-61 

20 

35-86 

11-92 

12-68 

4.73 

47 

10 

4-70 

59-59 

Mr.  Fenwicky  the  author  of  '^  Essays  on  Practical  Mecha- 
nics,'* made  a  numerous  set  of  experiments  on  some  of  the  best 
mills  for  grinding  corn,  in  order  to  form  a  set  of  tables  illustra- 
tive of  the  effect  of  a  given  quantity  of  water,  in  a  given  time, 
applied  on  an  overshot  water-wheel  of  a  given  size*  His  ob- 
servations, tables,  and  examples,  will  form  the  remaining  part 
of  this  article. 

The  quantity  of  water  expended  on  the  water-wheel  was 
measured  with  great  exactness;  the  corn  used  was  in  a  medium 
state  of  dryness ;  the  mills,  in  all  their  parts^  were  in  a  medium 
working  state;  the  millstones,  making  from  90  to  100  revolu- 
tions per  minute,  were  from  4^  to  5  feet  in  diameter. 

The  result  of  the  experiments  was,  that  the  power  requisite 
to  raise  a  weight  of  300lbs.  avoirdupois,  with  a  velocity  of  190 
feet  per  minute,  would  grind  1  boll  of  good  rye  in  1  hour ;  but, 
for  the  sake  of  making  the  following  tables  hold  in  practice, 
where  imperfection  of  construction  exists  in  some  small  degree, 
it  4s  taken  at  SOOlbs.  raised  with  a  velocity  of  210  feet  per 
minute,  (being  1-lOth  more);  and  for  grinding  S,  3,  4,  or  5 
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bolls  of  rye  per  hour>requires  a  power  equal  to  that  which  could 
raise  SOOlbs.  with  the  velocity  of  350,  506,  677,  or  865  feet  per 
minute  respectively.  The  difference  of  the  power  requisite  to 
grind  equal  quantities  of  wheat  from  that  for  rye  will  be  very 
trifling. 

Tl:e  power  required  to  raise  a  weight  of  SOOlbs.  avoirdupois, 
with  a  velocity  of  390  feet  per  minute,  will  prepare  properly 
1  ton  of  old  rope  per  week,  for  the  purpose  of  making  paper; 
and  for  preparing,  in  like  manner,  d  tons  of  the  same  kind  of 
materials  per  week,  requires  a  power  able  to  raise  300lbs.  with 
a  velocity  of  525  feet  per  minute,  the  mill  working  from  10  to 
12  hours  per  day. 


A  SET  OF  TABLES,  s/iowtTig  the  quantity  of  water  (ale  mea- 
sure) requisite  to  grind  different  quantities  qfcom^  Jroni  1  to 
5  bolls  (Winchester  measure)  per  hour^  applied  on  overshot 
water-wheels^  from  10  to  Sftjeet  diameter,-  also  the  size  of  the 
cylinder  of  the  common  steam-engine  to  do  tJie  same  work. 


The  water-wheel,  10  feet 
diameter. 


Bolls  of 

corn 

ground 

per  hour. 


1 

2 

2* 
3 

4 

H 

5 


Quantity  of 
water  requisite 
in  ale  gallons, 

per  minute. 


786 
lObG 
1341 
1617 
1894 
'2220 
2541 
!28dl 
3242 


Diameter  of 

the  cylinder  of 

a  steam-engine 

to  do  the  same 

work,  in  inches. 


125 

14-6 

16-75 

18-5 

2()'2 

21-75 

23-25 

24-75 

26-25 


The  water-whed^  11  Ceet 
diameter. 


Cylinder,  in 
inches. 


BoUs  per 

Water,  gallons 

hour. 

per  Bihiute. 

I 

705 

1^ 

945 

2 

1188 

^ 

1454 

3 

1723 

H 

2014 

4 

2906 

4* 

2626 

J5 

2944 

12-5 

14-6 

l€'7S 

18*5 

20-2 

21-75 

23-25 

24-75 

26-25 


The  water-wheel^  IS  feet 
diameter. 


Bolls  of 

corn 

ground 

per  hour. 


I 

4 

2 

H 

3 

H 

4 

5 


Quandty  of 

water  requisite 

in  ale  gallons, 

per  minute. 


655 
873 
1091 
1343 
1576 
1840 
2117 
2408 
2700 


Diameter  of 
the  cylinder  of 
a  steam-engine 
to  do  the  same 
work,  in  inehes. 


12-5 

14-6 

16-75 

18*5 

20-2 

21-75 

23-25 

24-75 

26-25 


The  water-wheel,  13  feet 
diameter. 


Bolls  per 
hour. 


1 

H 
2 

I' 

H 

4 

5 


Water,  gallons 
per  minute. 


Cylinder,  in 
inches. 


606 
806 
1009 
1234 
1458 
1705 
1952 
2223 
2494 


12-5 

14-6 

16-75 

18*5 

20-2 

21-75 

23- 

24- 

26-25 


1-85 

i-7i 
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The  water-Wheel,  14  feet 
diameter. 


Bolls  of 

corn 

ground 

per  hour. 


] 

H 
H 

3 
4 
5 


Qjuantity  of 

water  requisite 

in  ale  gallons, 

per  minute. 


564 
740 
927 
1140 
1353 
1583 
1811 
2060 
2306 


Diameter  of 

the  cylinder  of 

a  steam-engine 

to  do  the  same 

work,  in  inches. 


12*5 

14-6 

16-75 

18*5 

20*2 

21*75 

23*35 

24'75 

26^25 


The  water-Wheel,  16  feet 
diameter. 


BoHsper 
hour. 


1 
2 

? 

3* 
4 

n 

5 


Water,  gallons 
per  minute. 


535 
710 
894 
1096 
1290 
1503 
1717 
1967 
2211 


Cylinder,  in 
inches. 


12-5 

14-6 

16-75 

18*5 

20-2 

2175 

23*25 

24*75 

26*25 


The  water«Di4ieel,  16  feet 
diameter. 


The  water-wheel,  17  feet 
diameter. 


Boils  per 
hour. 


Water,  galldnsl   CyHader,  in 
per  minute.  inches. 


1 

J* 

2 

I* 

H 

4 
5 


491 

650 

811 

993 

1176 

1380 

1582 

1802 

2023 


12*5 

14*6 

16*75 

18*5 

20*2 

21*75 

23*25 

24*75 

26*25 


Bolls  of 

Quantity  of 

Diameter  of 

corn 

water  requisite 

the  cylinder  ef 

ground 

in  ale  gallons, 

a  steam-engine 

per  hour. 

per  minute. 

to  do  the  same 
work,  in  inches. 

I 

458 

12*5 

H 

628 

14-6 

2 

770 

16*75 

H 

943 

18*5 

s 

1117 

20*2 

3* 

1300 

21-75 

4 

1482 

23*25 

H 

1695 

24*75 

5 

1906 

26*25 

The  water-wheel,  18  feet 
diameter. 


Bolls  pet 
hour. 


Water,  gcUons 
per  minute. 


1 

»i 

2 

2* 
S 

H 

4 


440 

595 

730 

86D 

1054 

1227 

1400 

1600 

1800 


Cylinder,  in 
inches. 


12.5 

14*6 

16-75 

18*5 

20*2 

21*75 

23*25 

24-T5 

26*25 


The  wateNWheel,  19  feet 
diameter. 


BdHsper 
hour. 


Water,  gallons 
per  minute. 


1 
2 

3i 
4 

4* 
5 


411 

550 

690 

845 

1000 

1165 

1330 

1517 

1707 


Cylinder^  in 
inches. 


12*& 

14*6 

16*75 

18.5 

20*2 

21*75 

23*25 

24*75 

26*25 


aoo 
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The  wat^r-wheel,  90  feet 
diameter. 


BoUtof 

com 

ground 

per  hour. 


Quantity  of  i  Diameter  of 

water  requisite  the  cylinder  of 

inalegaUonsy  a  steam-engine 


} 

H 

'2. 

^* 
3 

4 

4* 
5 


per  minute. 


to  do  the  same 
work,  in  inches. 


392 

530 

675 

808 

945 

IIIO 

1270 

1445 

1623 


12-5 

146 

16-75 

18*5 

20.2 

21-75 

23-25 

24-75 

26-25 


The  water-wheel,  21  feet 
diameter. 


Bells  per  Water,  gallons 
hour.        per  minute. 


I 

H 

2 

H 

3 

H 

4. 
5 


370 

500 

635 

767 

900 

1060 

1212 

1379 

1547 


Qylinder,  in 
inches. 


12-5 

14.6 

16-75 

18.5 

20-2 

21-75 

23.25 

24-75 

26-25 


The  water-wheel,  2Sfeet 
diameter. 


BoUtper 
hour. 


1 

H 

2 

2* 
3 

3* 

4 

H 

5 


Water,  gallons 
per  minute. 


350 

473 

594 

722 

860 

1007 

1153 

1313 

1473 


Cylinder,  in 
inches. 


12.5 

14-6 

16-75 

18-5 

20*2 

21-75 

23-25 

24-75 

26*25 


The  water-wheel,  SS  feet 
diameter. 


BoUs  of 

com 

ground 

per  hour. 


1 

n 

2 
3 
4 

H 

5 


;Qjuantity  of 
water  requisite 
In  ale  gallons, 

per  minute. 


338 
454 

570 

707 

964 
1124 
1258 
1412 


Diameter  of 

the  cylinder  of 

a  steam-engiDe 

to  do  the  same 

work,  in  inches. 

12-5 

14-6 

16-75 

18-5 

20*2 

21-75 

23-25 

24.75 

26-25 


The  water-wheel,  24  feet 
diameter. 


BoOsper 
hour. 


1 

>* 
2 

H 

3 

H 

4 

H 

5 


Water,  gallons 
per  minute. 


327 

436 

545 

671 

788 

920 

1055 

1204 

1350 


Cylinder,  in 
inches. 


12-5 

14-6 

16-75 

18-5 

20-2 

21-75 

23-25 

24-75 

26-25 


The  water-w.heel,  S5  feet 
diameter. 


Bolls  per 
hour. 


1 

H 

2 

H 

8 

H 

4 

H 

5 


Water,  |[allons 
per  mmute. 


316 
418 
520 
635 
752 
876 
985 
1150 
1300 


Cylinder,  in 
inches. 


12-5 

14*6 

16-75 

18-5 

20-2 

21-75 

28-2$ 

24.75 

26-25 
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The  water-wheel,  26  feet 
diameter. 


Bolls  of 

corn 

ground 

per  hour. 


1 

2 

^* 
3 

H 

4 

4* 
5 


Quantity  of 

water  requisite 

in  ale  gallons, 

per  minute 


303 
403 
504 
617. 
730 
852 
975 
nil 
1247 


Diameter  of 
the  cylinder  of 
a  steam-engine! 
to  do  the  same 
worlc,  in  inches. 


12*5 

14-6 

16-75 

18-5 

20-2 

21.75 

23-25 

24-75 

26.25 


The  water-wheel,  89  feet 
diameter. 


Bolls  of 

corn 

ground 

per  hour. 


Quantity  of 

water  requisite 

in  ale  gallons, 

per  minute. 


The  water-wheel,  87  feet 
diameter. 


Bolls  per 
hour. 


1 
2 
3 

H 

4 

H 
b 


Water,  gallons 
per  minute. 


293 
385 
4ft2 
593 
703 
822 
9<]0 
1070 
1200 


Cylinder,  in 
inches. 


12-5 

14-6 

16-75 

18-5 

20-2 

21 '75 

23-25 

24.75 

26-25 


The  water-wheel,  28  feet 
diameter. 


Bolls  per 
hour. 


1 

H 
2 

2* 
3 

H 

4 

H 
b 


Water,  gallons 
per  minute. 


282 
370 
463 
570 
676 
791 
905 
1030 
1153 


Cylinder,  in 
inches. 


12-5 

14-6 

16-75 

18-5 

20-2 

21-76 

23*25 

24-76 

26-25 


1 

»4 
2 

2* 
3 

3* 
4 

5 


Diameter  of 

the  cylinder  of 

a  steam-engine 

to  do  the  same 

work,  in  inches. 


274 
363 
455 

557 
660 
770 
880 
1005 
1130 


12-5 

14-6 

16-75 

18*5 

20*2 

21-76 

23*25 

24-75 

26-25 


The  water-whefel,  30  feet 
diameter. 


Bolls  per 
hour. 


1 
2 

H 
3 

H 
4 

5 


Water,  gallons 
per  minute. 


267 
355 
447 
545 
645 
750 
858 
983 
1106 


Cylinder,  in 
inches. 


12-5 

14-6 

16-75 

18-5 

20-2 

21-75 

23-25 

24-75 

26*26 


The  water-wheel,  81  feet 
diameter. 


Bolls  per 
hour. 


1 

H 

2 

3 

3* 
4 

H 
5 


Water,  gallons 

Cylinder,  in 

per  minute. 

inches. 

256 

12-5 

340 

14-6 

426 

16-75 

5^0 

18-5 

620 

20-2 

717 

21-75 

827 

23-25 

940 

24-76 

1058 

26-25 

202 
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The  water-wheel,  32  feet  diameter. 

Bolls  of  corn  ground 

Quantity  of  water 

Diameter  of  the  cylin- 

per hour. 

requisite  in  ale  gallons, 

der  of  a  steam-engine 

per  minuta 

to  do  the  same  work. 

# 

in  inches. 

1 

245 

I'2*5 

4 

325 

14-6 

2 

406* 

Ui-75 

H 

496 

18-5 

s 

588 

20*2 

H 

690 

21-75 

4 

791 

23-25 

4^                  '               900               1 

24-75 

5 

1012 

26-25 

To  make  the  foregoing  ^tables  applicable  to  mills  intended  to 
be  turned  by  undershot  or  breast  water-wheels  :  from  Smea- 
ton^s  experiments  it  appears,  that  the  power  required  on  an 
undershot  water-wheel,  to  produce  an  effect  equal  to  that  of 
an  overshot  (to  which  the  tables  are  applicable),  is  as  2*4  to  1 ; 
and  also  the  power  required  on  a  breast  water-wheel,  which 
receives  the  water  on  some  point  of  its  circumference,  and 
afterwards  descends  on  the  ladle  boards,  to  produce  an  equal 
effect  with  an  overshot  water-wheel,  is  as  1*75  to  1. 

A  Table,  showinff  the  necessary  size  of  the  cylinder  of  a 
common  steam-engine  to  grind  different  qua/ntiiies  ofcom^Jrom 
1  to  IS  hdUls  ("4  to  48  bushels  Winchester  measure)  per  hMr, 


Bolls  of  com  ground 
per  hour. 

Diameter  of  the  cylinder, 
in  inches. 

1 

12-3 

H 

14-6 

2 

16-75 

^4 
3 

18-5 
20-2 

H 

4 

21-75 
23-25 

4* 

24-75 

5^ 

26-25 

H 

27-25 

6 

28-J 

? 

29 
29*8 

8 

Sl-l 
32 

9 

33-S 
34-2 

10 

35-2 
36 

lOJ 

11 

37-3 

38 

11* 

12 

38-85 
39-5 

N.  B.  This  table  will  be  applicable  to  any  improved  steam-angine,  as  well  as  that 
fit  the  common  kind,  if  the  ratio  of  their  efficacies  is  known. 
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Application  of  the  tables. 

ExAiMPLE  I. — If  a  stream  of  water,  producing  808  gallons 
ale  measure  per  minute,  can  be  applied  on  an  overshot  water- 
wheel  20  feet  diameter,  what  quantity  of  corn  will  it  be  able  to 
grind  per  hour? 

Look  in  the  tables  under  a  QO  feet  water-wheel,  and  op- 
posite 808  gallons  will  be  found  2^  bolls  of  corn  ground  per 
hour. 

Example  II. — If  a  stream  of  water,  producing  808  gallon? 
ale  measure  per  minute,  can  be  applied  to  an  undershot  water- 
wheel  20  feet  diameter,  what  quantity  of  corn  can  it  grind  per 
hour? 

It  is  found  by  the  tables,  that  if  applied  on  an  overshot 
water-wheel  20  feet  diameter,  the  stream  will  grind  2^  bolls 
per  hour ;  and,  from  page  202,  the  power  required  by  the  un- 
dershot to  that  of  the  overshot  water-wheel,  to  produce  an  equal 
effect,  is  as  2-4*  to  1 ;  therefore,  as  2*4  :  I  : :  £'5  :  I  '04  bolls  of 
corn  ground  per  hour  by  means  of  the  stream. 

Example  III. — If  a  stream  of  water,  producing  808  gallons 
ale  measure  per  minute,  can  be  applied  on  a  oreast  water- 
wheel  20  feet  diameter,  what  quantity  of  corn  can  it  grind  per 
hour? 

It  is  found  by  the  tables,  that,  if  applied  on  an  overshot 
water-wheel  of  equal  size,  2|-  bolls  of  corn  will  be  ground  per 
hour ;  and,  from  page  202^  the  power  of  a  breast  water-wheel 
to  that  of  an  overshot  water-wheel,  to  produce  an  eaual  e£fect, 
is  as  1*75  to  1 ;  therefore,  as  1*75  :  1  : :  2*5  :  i*4£  bolls  of  com 
ground  per  hour  by  the  stream. 

Example  IV. — Of  what  diameter  must  the  cylinder  of  a 
common  steam  engine  be  ittade,  to  grind  10  bolls  of  corn  per 
hour? 

By  looking  in  the  table,  page  202,  opposite  iO  bolls  ground 
per  hour,  the  diameter  of  the  steam  cylinder  will  be  foiiiid  to 
be  36  inches. 

FLY,  is  a  name  given  to  a  certain  appendage  to  many  mar 
chines,  either  as  a  reguiator  of  their  motions,  or  as  a  collector  of 
power.  When  used  as  a  regulator,  the  fly  is  commonly  a  heavy 
disk  or  hoop  balanced  on  its  axis  of  motion,  and  at  right  angles 
to  it :  though  sometimes  a  regulating  fly  consists  of  vanes  or 
wings,  which  as  they  are  whirled  round  meet  with  considerable 
resistance  from  the  air,  and  thus  soon  prevent  any  accderatioQ 
in  the  motion :  but  this  kind  of  regulator  should  rarely,  if  ever, 
be  introduced  in  a  working  machme,  as  it  wastes  much  of  the 
moving  force.  When  the  fly  is  used  as  a  collector  of  power, 
it  is  frequently  seen  in  the  form  of  heavy  knobs  at  the  opposite 
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ends  of  a  straight  bar;  as  in  the  coining-press.  In  arts.  18..23. 
of  the  introductory  part  of  this  volume  the  reader  will  find 
several  remarks  on  the  nature  and  operation  of  the  different 
kinds  of  flies  used  in  machines. 

FOOT-MILL,  is  a  mill  for  grinding  com  or  any  other  sub- 
'  stance,  moved  by  the  pressure  of  the  feet  of  men  or  animals.  In 
some  foot-mills,  a  horse  or  an  ox  is  fixed  to  a  stall  upfon  a  floor 
above  a  vertical  wheel ;  and  a  hole  is  made  in  the  floor  in  the 
place  where  the  hind  feet  of  the  animal  should  stand,  thus  ad- 
mitting those  feet  to  press  upon  the  rim  of  a  wheel,  and  cause 
the  wheel  to  turn  upon  its  axle,  and  give  motion  to  the  whole 
mill.  But  in  this  kind  of  machine  the  animal  will  be  obliged 
very  unnaturally  to  move  his  hind  feet  while  his  fore  feet  will 
be  at  rest :  and  further,  the  motive  force  being  applied  near 
the  vertex  of  the  wheel  will  act  but  with  little  advantage ;  Vnd 
the  work  done  will  be  comparatively  trifling. 

A  much  more  judicious  construction  of  a  foot-mill  is  given 
in  G.  A.  Bockler's  Theatrum  Machinarum^  published  at  Nu- 
rembur^h^  in  1661 .  This  mill  is  represented  in  fig.  I .  pi.  XV. 
A  is  an  mclined  wheel,  which  is  turned  by  the  weight  of  a  man, 
and  the  impulsive  force  of  his  feet  while  he  supports  himself,  or 
occasionally  pushes  with  his  hands  at  the  horizontal  bar  h.  The 
face  of  this  wheel  has  thin  pieces  of  wood  nailed  upon  it  at 
proper  distances,  to  keep  the  feet  of  the  man  from  slipping 
while  he  pushes  the  wheel  round ;  and  the  under  side  has  pro- 
jecting teeth  or  waves  which  catch  into  the  cogs  of  the  trundle 
B,  and  by  that  means  turn  the  horizontal  shaft  o  with  its  wheel 
c :  this  latter  wheel  turns  the  trundle  n,  the  axle  of  which  car- 
ries the  upper  millstone  e.  This  kind  of  footmill  will  answer 
extremely  grell  to  grind  malt,  &c.  when  no  very  great  power  is 
required.  The  advantages  and  diisad vantages  of  the  inclined 
wheel  have  been  stated  under  the  article  Ceane,  when  describ- 
ing the  contrivance  of  Mr.  White,  which  is  the  same  as  this  of 
Bockler's  with  respect  to  the  wheel. 

FORCER,  TEMPORABY,  for  a  pump,  is  a  contrivance  to 

Eroduce  a  constant  stream.  A  very  simple  forcer  of  this  kind 
as  been  devised  by  Mr.  R.  Trevithick :  it  consists  in  fixing  a 
barrel  with  a  solid  piston  along  the  side  of  the  common  pump, 
in  such  a  manner,  that  the  lower  space  of  the  additional  barrel 
may  communicate  with  the  space  between  the  two  valves  of  the 
pump;  and,  lastly,  b3r  connecting  the  rods  so  that  they  may 
work  together.  This  is  shown  in  fig.  1 .  plate  IX. ;  and  the 
efiect  is,  that  when  the  pistons  are  raised,  the  spaces  beneath,  a 
ami  B,  become  filled  by  the  pressure  of  the  atmosphere,  at  the 
same  time  that  the  upper  column  flows  out  at  £.  But  again, 
when  the  pistons  descend,  the  valve  c  shuts,  and  consequently, 
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the  water  driven  by  the  piston  in  b  must  ascend  through  a,  and 
continue  to  produce  an  equal  discharge  through  e  in  the  down 
stroke.     (Nkh.  Journ.  No.  7.  N.  S.) 

FOUNTAIN,  Hero's.    See  Hydraulic  machines.  No.  6. 

GIBBET,  or  JIB,  of  a  crane,  the  projecting  beam,  upon  the 
extremity  of  which  is  fixed  a  pulley  for  the  rope  to  pass  over 
that  raises  the  weight:  it  is  represented  by  def,  in  fig.  S.  pi:  IX. 
Jibs  of  the  usual  construction  turn  on  two  solid  gudgeons.  The 
rope  by  which  the  goods  are  raised  passes  over  the  upper 
gudgeon,  and  is  confined  between  two  small  vertical  rollers,  in 
order  that  it  may  constantly  lead  fair  with  the  pulley  or  sheave 
at  the  extremity  of  the  jib.  According  to  this  construction, 
whenever  the  crane  turns  round  its  axis,  the  rope  is  bended  so. 
as  to  form  an  angle  more  or  less  acute,  which  causes  a  great 
increase  of  friction,  and  produces  a  continual  effort  to  bring  the 
arm  of  the  jib  into  a  parallel  position  to  the  inner  part  of  the 
rope.  These  inconveniences  may  appear  to  be  trifling  on  paper, 
but  in  actual  practice  they  are  of  no  small  importance,  for  they 
necessarily  imply  a  much  greater  exertion  of  power  in  raising 
goods,  and  the  application  of  a  constant  force  to  keep  the  jib 
m  the  position  that  may  be  requisite;  while  the  partial  stress, 
which  is  exerted  on  only  a  few  strands  of  the  rope,  when  bended 
into  an  acute  angle,  infallibly  destrovs  it  in  a  very  short  time. 

The  simple  construction  proposed  by  Mr.  J.  Bramah  obviates, 
all  these  defects,  and  at  the  same  time  possesses  the  very  desirable 
property  of  permitting  the  jib  of  what  is  termed  a  camp-shut 
or  landing  crane  wholly  to  revolve  round  its  axis,  and  to  land 
goods  at  any  point  of  the  circle  described  by  the  arm  of  the  jib. 

It  consists  in  perforating  the  axis  or  pillar  of  the  crane,  and 
in  conducting  the  rope  through  this  perforation  by  means  of  an 
additional  pulley  fixed  on  the  top  of  the  arm  of  the  jib.  The 
rope  proceeds  n*om  the  goods  which  are  hoisted,  through  a 
pulley  fixed  as  usual  at  the  extremity  of  the  jib ;  it  then  passes 
over  another  pulley  fixed  at  the  opposite  extremity  of  the  jib, 
and  is  by  this  pulley  conducted  through  the  perforated  axis  or 
pillar  to  a  third  pulley ;  whence  it  is  immediately  directed  to 
the  crane  by  which  the  weight  is  elevated. 

It  is  almost  unnecessary  to  state  that  the  lower  axis  is  usually 
fixed  in  an  oil  box,  and  that  friction  rollers  are  applied  to  the 
axis  wherever  the  circumstances  may  render  it  necessary. 

When  great  weights  are  to  be  raised,  as  large  stones,  firom  a 
quarry,  or  pieces  (?  ordnance  from  a  ship  to  a  quay,  the  crane 
is  commonly  a  fixed  one,  and  only  the  gibbet  moveable,  from 
which  the  weight  hangs.  Here,  in  the  common  way  of  work- 
ing a  crane,  the  rope  of  which  runs  between  two  vertical  rollers, 
there  is  ofl^n  much  danger  jn  turning  the  gibbet  upon  its  axis. 
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A  small  rope,  called  a  guide-rope,  is  fastened  to  the  wdght,  or 
to  the  apper  part  of  the  gibbet  near  its  extremity,  which  a  man 
pulls  to  bring  the  weight  over  the  place  where  it  is  to  be  lowered. 
Now,  in  peiforming  tnis,  the  main  rope  not  contiiiaing  parallel 
to  the  arm  of  the  gibbet,  gives  the  weight  a  tendency  towards 
that  side  to  which  it  deviates,  and  that  sometimes  so  suddenly, 
that  without  care  and  much  force  applied,  the  load  will  swing 
with  great  violence,  and  do  much  mishief.  To  prevent  this, 
Mr.  Ralph  AUen  of  Bath,  about  the  year  1 7^  recommended 
the  following  method :  Upon  the  shaft  of  the  gibbet  let  there 
be  fixed  an  iron  wheel  with  several  teeth  or  cogs,  to  be  carried 
round  by  a  pinion  fixed  upon  a  horizontal  axis,  such  axis 
passing  through  the  wall  or  frame-work  behind  the  shaft  of  the 

Sibbet,  and  having  at  its  further  extremity  a  vertical  wheel  with 
andles  projecting  from  the  rim  in  the  plane  of  the  wheel.    A 
man  standing  at  mis  wheel  is  out  of  the  reach  of  danger  from 
the  load,  and  by  applying  a  small  portion  of  bis  strength  at  the 
handles  of  the  wheel  he  can  easily  bring  the  gibbet  and  its  load 
to  any  position  required,  and  retain  it  as  long  as  necessary  in 
that  position.     A  figure  representing  this  contrivance  is  given, 
in  the  Phil.  Trans.  No.  41 1 .  and  in  Ferguson's  Select  Lectures. 
GIMBALS,  a  contrivance  by  means  of  which  barometers, 
vessels  of  oil,  mariner^s  compasses,  &c.  may  be  suspended  so  as 
to  arrange  their  upper  parts  horixontally.    The  nature  of  this 
contrivance  will  be  at  once  understood  by  showing  its  applica- 
tion to  a  mariner's  compass.     It  consbts  of  a  ooop  or  ring 
supported  upon  two  pins.diametricallv  opposite  each  other,  and 
issaing  from  the  external  surface  of  the  ring  in  such  a  direction 
that  both  lie  in  the  same  diametrical  line.    When  the  hoop  is 
suq)ended  on  these  pins  it  is  at  liberty,  to  turn  freely  about  tlie 
diameter  of  which  they  constitute  the  prolongation.      The 
notches  or  boles  of  support  are  disposed  horizontally.     The 
compii88*box  itself  is  placed  in  a  similar  ring  with  two  prcgeet- 
iog  pivots ;  and  these  pivots  are  inserted  in  holes  made  in  the 
former  ring  at  equal  distances  from  each  of  its  pivots,  if  tbere^ 
fore  the  whole  be  left  at  liberty,  the  compass-box  may  vibrate 
upon  the  diametral  line  of  the  outer  ring,  as  well  as  upon  a  line 
formed  by  its  own  pivots,  at  right  angles  to  that  diametral  line. 
The  consequence  of  this  arrangement  is,  that  the  centre  of  gra-> 
vity  of  the  compass-box  will  dispose  itself  immediately  beneath- 
the  intersection  of  both  lines  on  which  it  is  ^t  liberty  to  move : 
----that  is  to  sfljv,  if  the  weidit  of  the  box  and  its  component* 
parts  be  properly  disposed,  the  compass  will  assume  a  position, 
m  which  the  u{^r  surface  shall  be  horizontal. 

GIN.     See  Ouab. 

GLAZIERS'S  vicB,  ii^  an  instrument  for  drawing  window ' 
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lead.     See  fig.  3.  pL  XII.     pg,  qh,  are  two  axles  running  in 
the  frame  kl,  ml.  c,  d^  two  wheels  of  iron  cas&-hardened,  I4 
inch  broad,  and  of  the  thickness  of  a  pane  of  glass ;  these  wheels 
are  fixed  to  the  axles,  and  run  very  near  one  another,  their  di- 
stance not  exceeding  ^  of  an  inch :  across  their  edges  several 
nicks  are  cut,  the  better  to  draw  the  lead  through.     £,  f,  are 
two  pinions  each  of  twelve  leaves,  turning  one  another  and  going 
upon  the  ends  of  the  axles,  which  are  square,  being  kept  fast 
there  by  the  nuts  p,  q,  which  are  screwed  fast  with  a  key.  a,  b^ 
are  two  cheeks  of  iron,  case-hardened,  and  fixed  on  each  side 
to  the  case  with  screws ;  these  are  cut  with  an  opening  where 
the  two  wheels  meet,  and  set  so  near  to  the  wheels  as  to  leave  a 
space  equal  to  the  thickness  of  the  lead ;  so  that  between  the  * 
wheels  and  the  cheeks  there  is  left  a  hole  of  the  form  represented 
at  N,  which  is  the  shape  of  the  lead  when  cut  through.     The 
finame  xlml  is  held,  together  by  cross  bars  passing  through  the 
sides,  and  screwed  on :  and  a  cover  is  put  over  the  machine  to 
exclude  the  dust.     The  whole  is  screwed  down  fast  to  a  bench 
by  screw  nails  ll.  When  the  vice  is  used,  the  lead  to  be  dra.wn 
is  first  cast  in  moulds,  into  pieces  a  foot  long,  with  a  gutter  on 
eadi  side.      One  of  these  pieces  is  taken,  and  an  end  of.  it 
sharpened  a  little  with  a  knife ;  then  being  put  into  the  hole 
between  the  wheels,  by  turning  the  handle  1  the  lead  is  drawn 
through  the  vice,  and  receives  the  form  designed. 

GOVERNOR,  a  contrivance  for  the  purpose  of  equalizing 
the  motion  of  mills  and  other  machinery. 

When  a  part  of  the  machiner}'^  of  a  mill  is  suddenly  stopped, 
or  suddenly  set  going,  and  the  moving  power.remains  thesame^ 
an  alteration  in  the  volocity  of  the  mill  will  take  place;  it.  wiU 
move  faster  or  slower.  Every  machine  having  a.certai^  velo*> 
city  at  which  it  will  work  at  greater  advantage  than  at  any. 
other,  the  change  of  velocity  arising  firom  the  above  cause  is  in 
all  cases  a  disadvantage,  and  in  delicate  operations  exceedjbcigly: 
hurtful.  In  the  case  of  a  cotton-mill,  tor  instance,  which  is 
calculated  to  move  the  spindles  at  a  certain  rate,  if  from^any. 
cause  the  velocity  is  much  increased,  a  loss  of  work  immediateljl 
takes  place,  and  an  increase  of  waste  from  the  breakinjg  of  the 
threads,  Sec;  on  the  other  hand, there  must  be  an  evi£nt  loss 
from  the  machinery  moving  too  slow. 

In  steam-enffines  this  evil  is  remedied  by  a  contrivance  called 
A  governor,  (^fig.  l.pl.  XL.) — <<  Two  balls  are  fixed  to  the 
ends  0f  rods,  in  continual  revolution,  and  as  soon  as  the  motion 
becomes  a  little  too  rapid,  the  balls  rise  considerably,"  and,  by 
the  intervention  of  a  lever^  act  upon  a  UroUle'Valvey  which  dL 
minishes  the  quantity  of  steam  admitted,  and  of  course  serves 
te  make  the  motion  less  rapid. 
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1.  The  steam-engme govemor.'^iKi  fig,  1.  represents  a  spin- 
dle kept  in  motion  by  the  engine ;  a,  b^  the  centrifugal  balls ; 
CA,  and  CB,  the  rods  by  which  the  balls  are  suspended.     These 
rods  cross  one  another,  and  pass  through  the  middle  of  the 
spindle  at  c.  There  is  a  round  pin  put  through  the  spindle  and 
the  rods  at  c,  which  serves  as  the  point  of  suspension  for  the 
centrifugal  balls  or  revolving  pendulum.  There  is  a  part  of  the 
spindle  above  c,  which  is  square,  and  nicely  polished,  so  that 
the  piece  of  brass,  m,  may  slide  easily  up  and  down  upon  it. 
The  piece  of  brass  m  is  roiind  on  the  outside,  and  has  an  exter- 
nal groove  turned  upon  the  upper  end  of  it  to  receive  the  lever 
NO,  the  fulcrum  of  which  is  at  p.     This  piece  of  brass  is  con- 
nected with  the  ball-rods  by  two  short  pieces  and  joints  de,  fg. 
The  construction  of  steam-engine  governors  sometimes  differs 
a  little  from  that  now  described;  but  if  this  particular  construc- 
tion be  understood,  there  will  be  no  difficulty  in  comprehending 
any  other  in  use. 

Operation, — When  the  engine  goes  too  fast,  the  balls  fly  off 
from  the  spindle,  and  depress  the  end,  n,  of  the  lever,  which 
partly  shuts  the  throttle-valve,  and  thereby  diminishes  the  quan- 
tity of  steam  adinitted  into  the  cylinder;  and,  on  the  other  handy 
when  the  engine  goes  too  slow,  the  balls  fall  down  toward  the 
spindle,  and  elevate  the  end  n,  of  the  lever,  which  partly  opens 
the  throttle-valve,  and  thereby  increases  the  quantity  of  steam 
admitted  into  the  cylinder.  The  theory  of  the  conical  pehdu-' 
lum  is  given  in  art.  288,  vol.  I. 

2,  In  a  wind-mill,  when  the  velocity  is  increased  by  the  irre- 
gular action  of  the  wind,  the  corn  is  sometimes  forced  rapidly 
through  the  mill  without  being  sufficiently  ground.  There  is 
an  eWant  contrivance  for  preventing  this  (similar  to  the  gover- 
nor ofa  steam-engineV  but  which  was  much  earlier  in  use,  called 
in  some  parts  of  England  a  lifihteiUerj  <^  By  means  of  the  cen- 
trifugal lorce  of  one  or  more  balls,  which  fly  out  as  soon  as  the 
velocity  is  augmented,  and  allow  a  lever  to  rise  with  them,  and 
cause,  the  upper  millstone  to  descend  and  bring  it  a  little  nearer 
to  the  lower  one." 

This  machine  is  curious,  and  might  perhaps  in  other  cases  be 
usefullv  applied.  We  shall,  therefore,  describe  two  construc- 
tions, both  on  the  same  principles. 

L^e^Tenters  Jbr  fVind-miUs. — First  Construction.  This 
machine,  and  part  of  the  stone-spindle  and  framing  with  which 
it  is  connected,  are  represented  in  fig.  3.  pi.  XL. 

To  the  stone-spindle  there  are  fixed  four  arms  a,  a,  a,  a; 
there  are  four  similar  arms  b,  b,  b,  b,  firmly  attached  to  the 
hollow  cylinder  c,  which  is  loose  on  the  spindle  fg. 
The  pendulums  n,  d,  d,  d,  are  hung  above,  to  the  arms 
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Ay  A,  A,  A,  and  through  holes  toward  their  lower  extremities 
pass  the  arms  of  the  loose  cylinder. 

When  the  mill  is  at  rest,  the  pendulums  hang  vertically ;  but, 
bv  their  centrifugal  force,  when  the  mill  is  in  motion  they  hang 
obliquely;  and  mat  obliquity  is  increased  in  proportion  to  the 
velocity,  and  proportionately  raises  the  loose  cylinder  c. 

This  cylinder  c  acts  on  the  one  end  of  the  lever  £,  which  has 
a  connexion  with  the  clove  upon  which  the  bridge  of  the  stone 
spindle  rests,  and  accordingly  raises  or  depresses  the  upper 
millstone  in  proportion  as  the  wind  is  weak  or  strong. 

Second  Construction.  Another  modification  of  the  same 
principle  (applied  above  the  miU-stones^)  but  having  one  pen- 
dulum only,  IS  represented  by  fig.  4.  and  will  be  easily  under- 
stood from  what  has  been  said  respecting  the  first  construction. 

3.  Governors  are  sometimes  applied  to  water-wheels,  and 
made  on  various  constructions.  Smiths^  bellows  have  been  ap- 
plied to  that  use,  the  upper  board  rising  or  falling  in  proportion 
to  the  velocity  of  the  lower  board,  which  received  its  motion  from 
the  mill.  But  we  shall  proceed  to  describe  a  construction 
which  has  for  several  years  been  at  work  in  Cartside  cotton- 
mill,  which  was  erected  under  the  direction  of  the  late  Robert 
Bums,  Esq. 

Waier»wheel  Governor. — First  Construction.  The  principles 
of  this  kind  of  water-wheel  governor  are  nearly  the  same  as 
those  of  the  governor  of  a  steam-engine.  It  has  a  revolving 
pendulum  which  receives  its  motion  from  the  mill,  and  in  pro- 
portion as  the  machinery  moves  faster  or  slower,  the  centrifugal 
force  acts  upon  the  governor  and  raises  or  depresses  an  iron 
crossy  which,  acting  on  a  lever,  reverses  the  motion  by  the 
wheel  work,  which  operates  upon  a  sluice  so  as  to  enlarge  or 
lessen  the  passage  of  the  water  to  the  water-wheel;  this  sluice 
is  made  on  the  principles  of  the  throttk-valve,  in  order  that  it 
may  be  moved  by  a  ^mall  power.  So  long  as  the  machinery 
18  moving  at  a  proper  velocity,  this  wheel-work  of  the  sluice 
apparatus  remains  at  rest. 

Fig.  5.  represents  different  views  of  this  machine,  and  some 
of  its  parts  detached.  The  same  letter  in  all  the  figures  refers 
to  the  same  part. 

The  revolving  pendulum  efgh,  receives  its  motion  from  the 
mill-work  by  means  of  a  rope  giving  motion  to  a  pulley  i.  The 
upright  shaft  mn  is  kept  in  constant  motion  by  the  wheel-work 
opRs.  The  wheel  n  acts  constantly  into  the  two  bevelled 
wheels  x  and  u,  and  makes  them  move  in  contrary  directions. 
They  are  loose  on  the  shaft  when  the  mill  is  going  at  its  proper 
speeo. 

But  if  the  mill  moves  either  too  fast,  or  too  slow,  the  on^  of 
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these  wheels,  by  means  of  a  datch  a,  in  a  way  to  be  described, 
is  connected  with,  and  carries  round,  the  lying  shaft  ]>c,  and^ 
by  a  pair  of  bevelled  wheels,  communicates  motion  to  the 
oblique  shaft  bw  ;  which  again,  by  a  screw  x,  and  quadrant- 
wheel  Y,  moves  the  sluice  z,  and  by  making  it  stand  moi e  or 
less  obliq^ue,  alters  the  area  of  the  passage  for  the  water. 

From  inspecting  fig.  5.  No.  1.  it  will  be  evident  that  the  box. 
a,  will  be  raised  or  depressed^  in  proportion  as  the  balls  b  and 
p,  of  the  revolving  pendulum  efgh,  are  further  or  nearer  to  the 
centre  of  motion;  when  the  velocity  is  greatest,  the  balls  e  and 
F,  by  their  centrifugal  force,  will  extend  themselves  furthest 
from  the  centre  of  motion,  and  raise  the  box  a.  See  also  ^.  5. 
No.  2.  No.  3.  and  No.  4. 

To  the  box  «,  is  fixed  a  cross  be.  There  is  a  forked  lev«p 
Aie,  the  fulcrum  of  which  is  aty^  and  which  turns  hOTizontally. 
This  forked  lever  has  four  prongs  ] ,  2,  3,  4. 

When  the  mill  is  at  its  proper  speed,  the  cross  works  within 
the  prongs  1  and  2 ;  in  this  situation  of  the  forked  lever,  the 
clutch  Q  is  disengaged  from  both  the  wheels  t  and  u,  and  they 
move  on  their  bushes  without  carrying  round  the  lying  shaft. 
The  clutch  is  made  to  slide  on  a  part  of  the  shaft  which  is 
square. 

When  the  mill  goes  too  quick,  the  cross  gland  is  raised,  and, 
in  turning  round,  strikes  the  prong  3,  which  immediately  causes 
the  lever  to  throw  the  clutch  into  the  arms  of  the  wheel  u, 
which  then  carries  the  clutch  and  shaft  round  with  it,  and  by 
the  means  already  described,  acts  on  the  sluice,  and  by  lessening 
the  quantity  of  water  falling  on  the  wheel,  diminishes  its  speed. 

On  the  other  hand,  when  the  mill  goes  too  slow,  the  cross  is 
depressed,  and,  striking  the  prong  4,  reverses  the  motion  of  the 
shafl,  and  so  produces  a  contrary  effect  on  the  sluice. 

It  may  be  proper  to  remark,  that  the  train  of  wheel- 
work  is  so  calculated  as  very  much  to  reduce  the  motion  at  the 
sluice,  and  it  is  found  from  experience,  that  this  is  necessary^ 
Were  the  area  of  the  aperture  too  suddenly  changed,  the  effect 
on  the  water  wheel  would  be  too  violent.  Every  time  the  mill 
is  stopped,  it  is  proper  to  lift  the  wheel  r  out  of  gear.  The 
centre  on  which  the  sluice  turns  should  be  one  third  of  its  height 
from  the  bottom,  in  order  that  the  pressure  of  the  water  above 
the  ceiltre  may  balance  that  below. 

At  m  there  is  an  upright  shaft,  which  is  worked  by  hand  when 
required. 

Water-wheel  Governor, — Second  Construction.  Fig  6.  re- 
presents a  sluice  regulator  as  executed  in  some  parts  of 
England.  It  differs  little  from  that  already  described,  only  that 
tbeiying-shaft  ab  receives  its  motion  immediately  from  the  mill. 
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instead  of  from  the  axle  of  the  revolving  pendulum,  as  in  the 
first  ccnistruction.  From  having  so  mmutely  described  that 
construction,  the  attentive  reader  will  find  no  difficulty  in  com- 
prehending fig.  6.  from  inspecting  the  plate. 

These  ingenious  contrivances,  with  the  illustrative  diagrams, 
are  extracted  from  "  Buchanan's  Essays  on  Mill  Work,''  where 
other  constructions  for  like  purposes  may  be  seen. 

GRAVIMETER,  the  name  given  by  M.  Guyton  to  an  in- 
strument for  measuring  specific  gravities :  he  adopts  this  name 
rather  than  either  areometer  or  hydrometer,  because  these  latter 
terms  are  grounded  upon  the  supposition  that  the  liquid  is 
always  the  thing  weighed;  whereas,  with  regard  to  solids,  the 
liquid  is  the  known  term  of  comparison  to  wnich  the  unknown 
weight  is  referred. 

Guy  ton's  gravimeter  is  executed  in  glass,  and  is  of  a  cylin- 
dric  form,  being  that  which  requires  the  smallest  Quantity  of 
fluid,  and  is  on  that  account  preferable,  except  so  rar  as  it  is 
necessary  to  deviate  for  the  security  of  a  vertical  position.  Like 
Nicholson's  Hydrometer  (art.  404?.  vol.  I.)  it  carries  two  basins; 
one  of  them  superior,  at  the  extremity  of  a  thin  stem,  towards 
the  middle  of  which  the  fixed  point  of  immersion  is  marked. 
The  other,  or  lower  basin,  terminates  in  a  point ;  it  contains 
the  ballast,  and  is  attached  to  the  cylinder  by  two  branches. 
The  moveable  suspension  by  means  of  a  hook  has  the  incon- 
venience of  shortening  the  lever  which  is  to  secure  the  vertical 
position. 

The  cylinder  is  22  millimeters  (0-7 1  inch)  in  diameter ;  and 
21  centimeters  (6*85  inches)  in  length.  It  carries  in  the  upper 
basin  an  additional  constant  weight  of  5  grammes  {{15  grains). 
These  dimensions  might  be  increased  so  as  to  render  it  capable 
of  receiving  a  much  more  considerable  weight ;  but  this  is  un- 
necessary. M.  Guyton  has  added, a  piece  which  he  calls  the 
plongeur,  because  in  fact  it  is  placed  m  the  lower  basin  when 
used,  and  is  consequently  entirely  immersed  in  the  fluid.  It  is 
a  bulb  of  glass  loaded  with  a  sufficient  quantity  of  mercury,  in 
order  that  its  total  weight  may  be  equal  to  the  constant  addi- 
tional weight,  added  to  the  weight  oi  the  volume  of  water  dis- 
placed by  this  piece.  It  will  be  readily  understood  that  the 
weight  being  determined  at  the  same  temperature  at  which  the 
instrument  was  originally  adjusted,  it  will  sink  to  the  same 
mark  on  the  stem,  whether  it  be  loaded  with  a  constant  ad- 
ditional weight  in  the  upper  basin,  or  whether  the  eflect  of 
this  weight  be  produced  by  the  additional  piece  in  the' lower 
dish.  From  this  explanation  there  will  be  no  difficulty  in 
seeing  how  this  instrument  may  be  adapted  to  every  case  in 
practice. 
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It  may  be  used  1.  for  solids.  It  differs  not  in  this  respect 
from  Nicholson'^s  hydrometer.  The  only  condition  will  be,  as 
in  his  instrument^  that  the  absolute  weight  of  the  body  to  be 
examined  shall  be  rather  less  than  the  constant  additional 
weight,  which  in  this  instrument  is  5  grammes,  or  1 1 5  grains. 

2.  For  liquids  of  less  specific  gravity  than  water,  the  instru- 
ment, without  the  additional  weight  above  mentioned,  weighs 
about  2  decagrammes  (459  grains)  in  the  dimensions  before  laid 
down.  It  would  be  easy  to  limit  its  weight  to  the  utmost  ac- 
curacy. We  have  thererore  the  range  of  one-fifth  of  buoyancy, 
and  consequently  the  means  of  ascertaining  all  the  intermediate 
densities  from  water  to  the  most  highly  rectified  spirit  of  wine, 
which  is  known  to  bear  in  this  respect  the  ratio  oi  8  to  10  with 
regard  to  water. 

3.  When  liquids  of  greater  specific  gravity  than  water  are  to 
be  tried,  the  constant  weight  being  applied  below,  by  means  of 
the  additional  piece,  which  weighs  about  6  grammes  (138 
grains),  the  instrument  can  receive  in  the  upper  basin  more 
than  4  times  the  usual  additional  weight,  without  losing  the 
equilibrium  of  its  vertical  position.  In  this  state  it  is  capable 
of  showing  the  specific  jgravity  of  the  most  concentrated  acids. 

4.  It  possesses  another  property  common  to  Nicholson's  in- 
strument, namely,  that  it  may  be  used  as  a  balance  to  determine 
the  absolute  weight  of  such  bodies  as  do  not  exceed  its  addi- 
tional load. 

5.  Lastly,  the  purity  of  the  water  being  known,  it  will  indi- 
cate the  degrees  of  rarefaction  and  condensation  in  proportion 
to  its  own  bulk. 

This  instrument  may  be  readily  constructed  by  any  workman 
in  glass.  The  additional  piece  for  the  lower  basin  will  require 
some  attention  to  make  it  perfectly  agree  with  the  constant 
upper  weight,  as  to  the  immersion  of  the  instrument:  But  this 
object  may,  by  careful  adjustment,  be  ascertained  with  the  ut- 
most certainty  and  accuracy.  The  bulb  of  glass  is  for  this  pur- 
pose drawn  out  to  a  fine  point,  a  sufficient  quantity  of  mercury 
IS  then  introduced  to  sink  it,  and  the  aperture  closed  with  a  little 
piece  of  wax.  The  bulb  being  then  placed  in  the  lower  basin 
of  the  instrument,  the  upper  basin  is  to  be  loaded  until  the  mark 
on  the  stem  becomes  accurately  coincident  with  the  surface  of 
the  water.  The  sum  of  the  weights  added  above  is  precisely 
equal  to  that  of  the  quantity  of  mercury  necessary  to  be  addea 
to  that  in  the  glass  bulb ;  which  done,  nothing  more  is  needed 
than  to  seal  the  point  by  fusion^  taking  care  not  to  change  its 
bulk. 

The  whole  is  rendered  portable  by  means  of  a  case  in  which 
fdl  the  delicate  parts  are  secured  from  pressure,  and  the  heavier 
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parts  supported  in  such  a  manner  as  to  resist  the  excess  of  motion 
they  are  capable  of  acquiring  by  virtue  of  their  mass.  This  last 
circumstance  is  frequently  overlooked  by  such  workmen  as  are 
employed  in  the  package  of  instruments;  whence  it  necessarily 
follows,  that  some  strain  or  fracture  must  be  produced  when 
matters  of  very  unequal  density  are  exposed  to  receive  a  com- 
mon impulse. 

To  find  the  specific  gravity  of  any  solid  by  the  gravimeter, 
observe  this  rule :  "  From  the  weight  in  the  upper  dish,  when 
the  instrument  is  properly  immersed  in  the  unknown  fluid,  take 
the  weight  which  is  placed  w\^h  the  body  in  the  same  scale  at 
the  like  adjustment.  The  remainder  is  the  absolute  weight  of 
the  solid.  Multiply  this  by  the  specific  gravity  of  the  fluid,  and 
reserve  the  product.  From  the  additional  weight  when  the 
body  is  placed  in  the  lower  basin,  take  the  weight  when  it  wais 

E laced  in  the  upper.  The  remainder  will  be  the  loss  of  weight 
y  immersion.  Divide  the  reserved  product  by  the  loss  by 
immersion,  and  the  quotient  will  be  the  specific  gravity  of  the 
solid  with  regard  todistilled  water  at  the  standard  temperature 
and  pressure.'' 

To  find  the  specific  gravity  of  a  fluid  proceed  thus :  "  To  the 
weight  of  the  gravimeter  add  the  weight  required  in  the  upper 
basin  to  sink  it  in  the  unknown  fluid.  Again,  to  the  weight  of 
the  gravimeter  ad4  the  weight  required  in  the  same  manner  to 
sink  it  in  distilled  water.  Divide  the  first  sum  by  the  latter, 
and  the  quotient  will  be  the-  specific  gravity  of  the  fluid  in 
question.'' 

For  figures  of  the  gravimeter,  see  Anndks  de  Chkaie^  tome 
21,  or  Micholson's  Journal,  vol.  I.  4to. 

GUDGEONS,  in  machinery,  haviM  all  the  weight  on  the 
shaft  to  support,  ought  to  be  made  sufficiently  strong  for.  that 
purpose ;  while,  to  avoid  unnecessary  friction,  they  should  be 
made  as  small  in  diameter  as  possible,  consistently  with  th^ 
requisite  strength  and  durability. 

Wrought  iron  being  stronger  than  cast  iron  in  about  the  ratio 
of  7  to  5,  will  beiar  a  greater  weight ;  yet,  cast  iron  being 
cheaper,  and  more  easily  shaped,  is  more  frequently  employed 
for  gudgeons. 

Mr.  Buchanan,  who  has  paid  considerable  attention  to  this 
subject,  gives  these  rules  for  the  gudgeons  of  water-wheels. 

1.  The  cube-root  of  the  weight  of  a  water-wheel  in  hundred 
zveightSf  is  nearly  equal  to  the  diameter  in  inches^  of  a  casUiron 
gudgeon  sufficiently  strong  to  support  such  wheel. 

2.  For  wooden  water-wheels,  multiply  the  diameter  in  feet 
by  the  width  also  infeetj  to  which  add  the  square  of  halftlie 
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diameter :  the  cube  root  of  the  sum  will  be  nearly  equal  to  the 
diameter  of  the  gudgeon  in  inches. 

These,  of  course,  must  be  regarded  as  approximations. 

Mr.  Buchanan  has  inferred  from  several  experiments,  that 
"  gudgeons  of  the  same  size,  of  cast  and  of  wrought  iron,  are 
capable,  at  a  medium,  of  sustaining  weights  without  flexure, 
in  the  proportion  of  9  to  1 4." 

Upon  this  principle  Mr.  B.  computed  the  following  table, 
to  show  the  proportionate  diameters  of  cast-iron  and  wrought- 
iron  gudgeons. 

Explanation  of  the  table  of  cast-iron  and  wrought-iron 
gudgeons. 

Column  1  and  %  are  the  same  as  those  in  the  table  of  cast- 
iron  gudgeons. 

Column  3  contains  numbers  in  the  proportion  of  9  to  14  less 
than  those  in  column  2, 

Cplumn  4  contains  the  cube  root  of  column  S,  or  the  dia- 
meters of  wrought- iron  gudgeons,  having  the  same  strength  as 
those  of  cast-iron  in  column  1. 

USE    OF   THE    TABLE. 

Example, 

To  find  the  diameter  of  a  wrought-iron  gudgeon  of  the  same 
strength  with  one  of  cast-iron  of  3  inches  diameter.  Look  on 
the  first  column  for  3,  and  on  the  same  line  on  the  4th  column 
will  be  found  2*57 1282,  that  is,  a  little  more  than  2^  inches, 
the  diameter  required  of  the  wrought-iron  gudgeon. 

The  numbers  in  the  3d  column,  being  the  cube  of  those  in 
the  4th,  another  use  may  be  made  of  this  part  of  the  table. 
For,  supposing  the  4th  column  to  represent  cast  iron  ^dgeons, 
the  Sd  column  will  represent  the  hundred  weights  wnich  cast- 
iron  gudgeons  of  those  diameters  should  sustain. 
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TaUe  of  Cast  and  Wrought-iron  Gudgeons. 


4 


Diameter  of 
catt-iron 

gudgeons  in 
inches. 


Cube  of  diasneter  of  cast- 
iron  gudgeons  or  the  cwts. 
which  the  gudgeons  may 
sustain. 


1- 

1-25 

1-5 

1-75 

2- 

2*25 

25 

2-75 

3- 

3*25 

35 

3-75 

4- 

4-2 

4-5 

4-7 

6- 

5-25 

5-5 

5-75 

6* 

6-25 

6-5 

6-75 

7- 

7-25 

7-5 

7-75 

8- 

8*25 

8-5 

8-75 

9- 

9-25 

9-5 

9-75 

10- 

10-25 

10-5 

11-75 

11- 


1-953125 
3-375 
5-359375 
8- 

11-400625 

15-625 

20-796875 

27- 

34-328125 

42-875 

52-734375 

64- 

76-765625 

91125 
107171875 
125- 

144-763125 
166-375 
190-109375 
216- 

244-140625 
274-625 
307-546875 
343- 

381-078125 
421-875 
465-484375 
512- 

561-515625 
614-125 
669-921875 
729- 

791-453125 
875-375 
926-859375 
1000- 

1076-890625 
1157-625 
1242*296875 
1331- 


Cube  of  diameter  of 
nrrought-iron  gudgeons. 


•6428571 
1-2555803 
2-1696427 
3-4453125 
51428571 
7-3289732 
10-0446428 
13-3694196 
17-3571428 
220670803 
27-5685 
33-9006696 
41-1428571 
49-3493303 
58-5803571 
68-896 
80-357 
93-t)23 

106-955 

122*213 

138-857 

156-948 

176545 

197-709 

220-500 

244-979 

271-205 

299-240 

329-143 

360-975 

394-795 

430*664 

468-643 

508-791 

562*741 

595837 

642-857 

692*287 

744  187 

798-619 

855-643 


Diameter  of 

wrought-iron 

gudgeons  in 

inches  and  parts. 


•862054 
1063340 
1-259921 
1-514825 
1-709976 
1-912933 
2154435 
2*351335 
2-571282 
2-802039 
3018294 
3-239612 
3-448217 
3-659306 
3-881936 
4*101566 
4-308870 
4-530655 
4*747459 
4-959675 
5180101 
5-394690 
5-609376 
5-828476 
6041377 
6257324 
6-471274 
6*686882 
6-903436 
7-120367 
7-337234 
7-553688 
7-769462 
7-984344 
8-257263 
8-415541 
8-631103 
8*845085 
9061309 
9-279308 
9-493599 


(Bucha/ncm  on  the  ShafU  qf  Mills.) 
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HANDMILLS,  are  commonly  used  for  some  culinaiy  pur- 
poses, as  the  grinding  of  coffee,  pepper,  and  the  like.  Some- 
times handmills  of  larger  size  are  used  to  grind  malt,  wheat, 
&c.  and  in  such  cases  the  hand  is  generally  applied  to  a  winch 
handle.  But  in  Bockler's  Theatrum  Machinarum  there  is  a 
description  of  a  mill^  in  which  the  effort  of  a  man  is  applied  to 
a  lever  moving  to  and  fro  horizontally,  nearly  as  in  the  action 
of  rowing :  as  this  is  a  very  advantageous  method  of  applying 
human  strength,  the  effort  being  greaujr  assisted  by  the  heaviness 
of  the  man  in  leaning  back,  we  shall  give  a  brief  description  of 
this  kind  of  mill,  which  is  represented  in  fig.  4.  pi.  XII.  The 
vertical  shaft  eg  carries  a  toothed  wheel  c,  and  a  solid  wheel  f; 
the  latter  being  intended  to  operate  as  a  regulating  fly.  Upon 
the  crank  ab  hangs  one  end  of  an  iron  bar  i,  the  otner  end  of 
which  hangs  upon  the  lever  hk  ;  the  motion  being  pretty  free 
at  both  ends  of  this  bar  i.  One  end  of  the  lever  hk  han^ 
upon  the  fixed  hook  k,  about  which  as  a  centre  of  motion  it 
turns.  Then,  while  a  man,  by  pulling  at  the  lever  hk,  moves 
the  extremity  h  from  h  to  n,  the  bar  i  acting  upon  the  crank 
AB  gives  to  the  wheels  c  and  f  half  a  rotation ;  and  the  mo- 
mentum they  liave  acquired  will  carry  them  on,  the  man  at  the 
lever  suffering  it  to  turn  back  from  n  to  h,  while  the  other  half 
of  the  rotation  of  the  wheels  is  completed.  In  like  manner 
another  sufficient  pull  at  the  lever  he  gives  another  rotation  to 
the  wheel  c,  and  so  on,  at  pleasure.  The  wheel  c  turns  by  its 
teeth  the  trundle  d,  the  spindle  of  which  carries  the  upper 
mill-stone,  just  as  the  spindle  d  carries  round  the  upper  stone 
in  fig.  1.  pi.  XV. 

In  this  mill  the  nearer  the  end  of  the  bar  i  upon  the  lever 
HK  is  to  the  fixed  hook  k,  the  easier,  aeteris  pimbuSf  will  the 
man  work  the  milL  If  the  number  of  teeth  in  the  wheel  c 
be  6  times  the  number  of  cogs  in  the  trundle  d,  then  the  la- 
bourer by  making  10  pulls  at  the  lever  h  in  a  minute  will  give 
60  revolutions  to  the  upper  mill-stone  in  the  same  space  of 
time. 

The  Society  of  Arts  have  lately  adjudged  a  silver  medal  to 
Mr.  Garnet  Terry,  of  City  Road,  Finsbury-square,  for  his  in- 
vention of  a  mill  to  grind  hard  substances,  by  means  of  a  wheel 
turning  upon  a  horizontal  axis  instead  of  a  vertical  one,  as  in  the 
common  construction.  Mr.  Terry  has  constructed  this  mill  on 
a  large  scale;  there  is  also  a  model  deposited  in  the  collection 
of  that  society. 

Plate  VIII.  fig.  4.  A.  The  hopper  or  receptacle  of  the  ar- 
ticles which  are  mtended  to  be  ground. 

B.  A  spiral  wire,  in  the  form  of  a  reversed  cone,  to  regulate 
the  delivery  of  them. 
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c.  An  inclined  iron  plate,  hung  upon  a  pin  on  its  higher  end ; 
the  lower  end  rests  on  the  grooved  axis  d,  and  agitates  the 
wife  B. 

D.  The  grooved  axis,  or  grinding  cylinder,  which  acts 
against  the  channelled  iron  plate  £. 

F.  A  screw  on  the  side  of  the  mill,  by  means  of  which  the 
iron  plate  e  is  brought  nearer  to  or  removed  further  frpm  the 
axis  D,  according  as  the  article  is  wanted  finer  or  CQarser. . 

G.  The  handle  by  which  motion  is  given  to  the  a^h. 

H.  The  tube  from  whence  the  articles,  when  ground,  are 
received. 

*^*  The  front  of  the  mill  is  taken  off,  in  order  to  show  its 
interior  construction. 

HEART- WHEEL  is  the  name  given  in  England  to  a  well 
known  method  of  converting  a  circuitous  motion  into  an  alter- 
nating rectilinear  one,  which  is  common  in  cotton-mills.  It  is 
an  ellipse  turned  either  on  an  axle,  or  by  means  of  a  winch  and 
handle  on  one  of  its  foci,  or  its  centre,  on  whose  edge  a  move- 
able point  or  circle  presses;  the  latter  receives  an  alternating 
motion  from  the  circumference  of  the  ellipse,  and  presses  it  in 
its  revolution  to  different  distances  from  the  centre  of  motion. 
This  method  was  contrived,  we  believe,  by  Sir  Samuel  Morland, 
about  the  year  1685.  The  practical  disadvantages  of  this  con- 
trivance are  the  inequality  of  pressure  and  of  moving  force  which 
will  be  required  at  different  parts  of  the  rotation  of  the  ellipse, 
and  the  consequent  wearing  of  some  parts  of  it  much  faster  than 
others,  which  will  render  it  frequently  necessary  to  have  new 
elliptical  wheels.  A  late  application  of  the  heart-wheel  has 
been  already  mentioned,  under  the  word  Coining. 

HOOKE'S  Joints,  or,  as  they  are  often  called,  universal 
joints,  have  been  described  in  the  introductory  part  of  this  vo« 
liime. 

HYDRAULIC  machines,  are  structures  contrived  for  the 
purpose  either  of  conveying  water  from  one  situation  to  an- 
other, particularly  from  a  lower  to  a  higher ;  or,  by  means  of 
the  force  or  pressure  of  water,  to  perform  some  mechanical 
operation,  as  grinding,  boring,  sawing.  The  former  kind  of 
hydraulic  engines  will  principally  be  spoken  of  here ;  the  latter 
being  described  under  the  various  heads  Flour-mill,  Flax- 
mill,  Saw-mjll,  &c. 

1.  Of  ail  the  machines  the  ancients  invented  to  raise  water, 
it  appears  that  though  Archimedes's  screw  (see  Archirnedes's 
SCREW  in  this  volume)  was  the  most  curious,  the  tympmiitm^ 
mentioned  by  Vitruvius,  elevated  the  greatest  quantity  at  once: 
a  brief  description  of  this  may  suffice,  as  preparatory  to  the  ac- 
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count  of  a  machine  made  in  imitation  of  it,  but  more  ingenioas 
and  more  perfect. 

The  tympanwm  is  a  great  hollow  wheel,  forming  a  kind  of 
barrel  or  drum  (as  its  name  imports),  composed  of  several  planks 
joined  together,  well  calked  and  pitched,  and  having  a  horizon- 
tal axle  on  which  it  turns :  the  interior  of  this  drum  is  divided 
into  8  equal  spaces  by  as  many  partitions  placed  in  the  direc- 
tions of  the  radii;  eacn  space  or  cell  has  an  orifice  of  about  half 
a  foot  in  the  rim  of  the  drum  or  wheel,  so  shaped  as  to  facilitate 
the  admission  of  the  water :  moreover,  there  are  8  hollow  chan- 
nels running  contiguous  to  each  other  and  parallel  to  the  axle  of 
the  wheel,  each  corresponding  to  one  of  the  8  large  cells;  into 
these  channels  the  water  passes  out  of  the  cells  just  mentioned, 
and,  after  running  along  the  channels  to  a  convenient  distance, 
it  escapes  through  orifices  into  a  reservoir  placed  just  under  the 
axle.  Thus  the  water  is  elevated  through  a  vertical  space  equal 
to  the  radius  of  the  hollow  wheel.  When  the  tympanum  is 
used  to  raise  water  from  a  running  stream,  it  is  moved  by  means 
of  float  boards  which  are  impelled  by  the  stream  :  but  when  it 
is  employed  to  raise  stagnant  water,  tnere  is  commonly  a  smaller 
wheel  on  the  same  shaft,  which  is  turned  by  men  walking  in  it, 
as  in  the  old  walking  crane.  The  chief  defect  of  this  machine  is 
that  it  raises  the  water  in  the  most  disadvantageous  situation 
possible :  for  the  load  being  found  always  toward  the  extremity 
of  a  radius  of  the  wheel,  the  arm  of  the  effective  lever  which 
answers  to  it,  increases  through  the  whole  quadrant  the  water 
describes  in  passing  jfrom  the  bottom  of  the  wheel  to  the  alti- 
tude of  its  centre ;  so  that  the  power  must  act  in  like  manner 
as  if  it  were  applied  at  a  winch  handle,  and  cannot,  therefore, 
act  uniformly. 

2.  To  remedy  this  defect  M.  dela  Faye  devised  a  machine 
which  may  here  be  described,  together  with  the  process  of 
reasoning  that  led  to  it. 

When  we  develope  the  circumference  of  a  circle,  a  curve  is 
described  (i.  e.  the  involute)  of  which  all  the  radii  are  so  many 
tangents  to  the  circle,  and  are  likewise  all  respectively  perpen- 
dicular to  the  several  points  of  the  curve  described,  which  has 
for  its  greatest  radius  a  line  equal  to  the  periphery  of  the  circle 
evolved.  The  truth  of  which  is  shown  by  geometricians  when 
treating  of  the  genesis  of  evolute  and  involute  curves. 

Hence,  having  an  axle  whose  circumference  a  little  exceeds 
the  height  which  the  water  is  proposed  to  be  elevated,  let  the 
circumterence  of  the  axle  be  evolved,  and  make  a  curved  canal 
whose  curvature  shall  coincide  throughout  exactly  with  that  of 
the  involute  just  formed :  if  the  further  extremity  of  this  canal 
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be  made  to  enter  the  water  that  is  to  be  elevated,  and  the  other 
extremity  abut  upon  the  shaft  which  is  turned ;  then  in  the 
course  of  the  rotation  the  water  will  rise  in  a  vertical  direction, 
tangential  to  the  shaft,  and  perpendicular  to  the  canal  in 
whatever  position  it  may  be.  Thus  the  action  of  the  weight 
answering  always  to  the  extremity  of  a  horizontal  radius  will  be 
as  though  it  acted  upon  the  invariable  arm  of  a  lever,  and  the 
power  which  raises  the  weight  will  be  always  the  same:  and  if 
the  radius  of  the  wheel,  of  which  this  hollow  canal  serves  as  a 
bent  spoke,  is  equal  to  the  height  that  the  water  is  to  be  raised, 
and  consequently  equal  to  the  circumference  of  the  axle  or 
shaft,  the  power  will  be  to  the  load  of  water  reciprocally  as  the 
radius  of  a  circle  to  its  circumference,  or  directly  as  1  to  6 1^ 
nearly. 

In  M,  de  la  Faye's  opinion,  the  machine  ought  to  be  com- 
posed of  four  of  these  canals :  but  it  has  often  been  constructed 
with  8,  as  represented  in  fig.  1.  pi.  XIX.  The  wheel  being 
turned  by  the  impulsion  of  the  stream  upon  the  float-boards,  the 
orifices  f,  e,  d,  c,  &c.  of  the  curvilinear  canals,  dip  one  after 
another  into  the  water  which  runs  into  them :  and  as  the  wheel 
revolves  the  fluid  rises  in  the  canals^  e,  d,  c,  &c.  and  runs  out 
in  a  stream  p  from  the  holes  at  o ;  it  is  received  into  the  trough 
Q,  and  conveyed  from  thence  by  pipes. 

Ify  this  construction  the  weight  to  be  raised  offers  always  die 
same  resistance,  and  that  the  leas^  possible,  while  the  power  is 
applied  in  the  most  advantageous  manner  the  circumstances  will 
admit  of:  these  conditions  both  fulfilled  at  the  same  time  fur^ 
nish  the  most  desirable  perfection  in  a  machine.  Further,  this 
machine  raises  the  water  by  the  shortest  way,  namely  the  per- 
pendicular, or  vertical;  in  this  respect  being  preferable  to 
Archimedes*s  screw,  where  the  water  is  carried  up  an  inclined 
patlr;  and  besides  this,  each  curved  channel  in  this  wheel 
empties  all  the  water  it  receives  in  every  revolution,  while  the 
screw  of  Archimedes  delivers  only  a  small  portion  of  the  fluid 
it  is  charged  with,  being  often  loaded  with  20  times  as  much 
water  as  is  discharged  in  one  rotation ;  and  thus  requiring  an 
enormous  increase  of  labour  when  a  large  quantity  is  intended 
to  be  raised  by  it. 

The  nature  and  advantages  of  this  wheel  evince  very  forcibly 
how  far  the  speculations  of  geometers  are  from  being  so  un*- 
fruitftil  in  useful  applications,  as  is  oft;en  insinuated  by  practical 
men. 

S.  The  wheel  just  described  would  we  think  be  the  most  per- 
fect of  any  that  could  be  employed  for  raising  water,  had  it  not 
the  disadvantage  attending  the  tympanum,  wnich  is,  that  it  can 
only  raise  water  to  the  height  ot  its  semidianieter.  As  in  m^ny 
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leases  water  is  to  be  raised  higher  than  the  radios  of  any^fHl^l 
can  well  be  made  for  practice,  we  shall  next  describe  a  machine 
called  the  Noria^  common  in  Spain,  which  raises  water  nearly 
through  a  diameter.   This  Noria  consists  of  a  vertical  wheel  of 
20  feet  diameter,  on  the  circumference  of  which  are  fixed  a 
number  of  little  t>oxes  or  square  buckets,  for  the  purpose  of 
raising  the  water  out  of  the  well,  communicating  with  the  canal 
below,  and  to  empty  it  in  a  reservoir  above,  placed  by  the  side 
of  the  wheel.    The  buckets  have  a  lateral  orifice,  to  receive  and 
to  discharge  the  water.    The  axis  of  this  wheel  is  embraced  by 
four  small  beams,  crossing  each  other  at  right  angles,  tapering 
at  the  extremities,  and  forming  eight  little  arms.   This  wheel  is 
near  the  centre  of  the  horse-walk  contiguous  to  the  vertical  axis, 
into  the  top  of  which  the  horse-beam  is  fixed ;  but  near  the 
bottom  it  is  embraced  by  four  little  beams,  forming  eight  arms, 
similar  to  those  above  described,  on  the  axis  of  the  water-wheeL 
As  the  mule  which  th^  use  goes  round,  these  horizontal  arms, 
supplying  the  place  of  cogs,  take  hold  each  in  succession,  of 
those  arms  which  are  fixed  on  the  axis  of  the  water-wheel,  and 
keep  it  in  rotation. 

This  machine,  than  which  nothing  can  be  cheaper,  throws  up 
a  great  (quantity  of  water ;  yet  undoubtedly  it  has  two  defects; 
the  first  IS,  that  part  of  the  wat^r  runs  out  of  the  buckets  and 
falls  back  into  the  well  after  it  has  been  raised  nearly  to  the 
level  of  the  reservoir:  the  second  is,  that  a  consideiable  pro- 
portion of  the  water  to  be  discharged  is  raised  higher  than 
the  reservoir,  and  falls  into  it  only  at  the  moment  when  the 
bucket  is  at  the  highest  point  of  the  circle,  and  ready  to 
descend.  These  inconveniences  are  both  remedied  by  the  con- 
trivance mentioned  in  the  next  paragraph. 

4.  The  Persian  wheel  is  a  name  given  to  a  machine  for  rais- 
ing water,  which  may  be  turned  by  means  of  a  stream  ab  acting 
upon  the  wheel  cde  according  to  the  order  of  the  letters ;  (fig. 
1.  pi.  XIX.)  The  buckets  a,  a,  a,  a,  &c.  instead  of  beinff 
firmly  fastened,  are  htin^^  upon  the  wheels  by  strong  pins,  6,  bf 
bj  £,  &c.  fixed  in  the  side  of  the  rim ;  which  must  be  n^ade  as 
high  as  the  water  is  intended  to  be  raised  above  the  level  of  that 
part  of  the  stream  in  which  the  wheel  is  placed.  As  the  wheel 
turns,  the  buckets  on  the  right  hand  go  down  into  the  wat^r, 
where  they  are  filled,  and  return  up  full  on  the  left  hand^  till 
they  come  to  the  top  at  k;  where  they  strike  against  the  end  n 
of  the  fixed  trough  m,  by  which  they  are  overset,  and  so  empty 
the  water  into  the  trough ;  from  whence  it  is  to  be  conveyed  in 
pipes  to  any  place  it  is  intended  for ;  and  as  each  bucket  gets 
over  the  trough,  it  falls  into  a  perpendicular  position  a^ain,  and 
so  goes  down  empty  till  it  comes  to  the  water  at  a,  Where  it  is 
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fre.  On  each  bucket  is  a  spring  r,  which  going 
over  the  top  or  crown  of  the  bar  m  (fixed  to  the  trough  m)  raises 
the  bottom  of  the  bucket  above  the  level  of  its  mouthy  and  so 
causes  it  to  empty  all  its  water  into  the  trough. 

To  determine  the  due  relation  of  the  power  and  the  weight  so 
that  this  wheel  may  be  capable  of  producing  the  greatest  effect, 
the  following  may  be  taken  as  a  good  approximation.  After 
having  fixed  the  diameter  of  the  wheel,  which  must  be  some- 
thing greater  than  the  altitude  to  which  the  water  is  to  be 
raised;  fix  also  upon  an  even  number  of  buckets  to  be  hung  at 
equal  distances  round  the  periphery  of  the  wheel,  and  mark  the 
position  of  their  centres  of  motion  in  such  a  manner  that  they 
will  stand  in  corresponding  positions  in  every  quarter  of  the 
circle:  conceive  vertical  lines  drawn  throuj^h  the  centre  of 
motion  of  each  bucket  in  the  rising  part  of  the  wheel;  they 
will  intersect  the  horizontal  diameter  of  the  wheel  in  points  at 
which  if  the  buckets  were  hung  they  would  furnish  the  same 
resistance  to  the  moving  force  as  they  do  when  hanging.at  their 
respective  places  on  the  rim  of  the  wheel.  Thus,  supposing 
there  were  18  equidistant  buckets;  then  while  8  hung  on  each 
side  a  vertical  diameter  of  the  wheel  there  would  be  8  on  the 
other  side,  and  2  would  coincide  with  that  diameter ;  in  this 
case  the  resistance  arising  from  all  the  full  buckets  would  be  the 
same  as  if  one  bucket  hung  on  the  prolongation  of  the  horizon- 
tal diameter  at  the  distance  of  2  sin  20^  +  2  sin  40^  +  2  sin  60^ 
+  2  sin  80^,  these  being  the  sines  to  the  common  radius  of  the 
wheeL 

To  know  the  quantity  of  water  that  each  bucket  should  con- 
tain, take  ^  of  the  absolute  force  of  the  stream,  that  is^  ^  of  the 
weight  of  the  prism  of  water  whose  base  is  the  surface  of  one  of 
the  float-boaros,  and  whose  height  is  that  through  which  water 
must  fall  to  acquire  the  velocity  of  the  stream :  so  have  we  the 
power  that  should  be  in  equilibrio  with  the  weight  of  water  iii 
the  buckets  of  the  rising  semicircle.  Then  say,  as  the  sum  of 
the  sines  mentioned  above  is  to  radius,  so  is  the  power  just 
found  to  a  fourth  term,  the  half  of  which  will  be  the  weight  of 
water  that  ought  to  be  contained  in  one  bucket.  Lastly,  as  the 
velocity  of  the  wheel  will  be  to  that  of  the  stream  nearly  as  1  to 
S|,  the  quantity  of  revolutions  it  makes  in  any  determinate  time 
becomes  known,  and  of  consequence,  the  quantity  of  water  the 
wheel  will  raise  in  the  same  time ;  since  we  know  the  capacity 
of  each  bucket,  and  the  number  of  them  emptied  in  every 
revolution  of  the  wheel. 

5.  Another  mechanical  contrivance  for  the  purpose  of  raising 
water  is  a  c/imn-pump.  This  is  now  generally  made  from  12  to 
24  feet  in  length ;  consists  of  two  collateral  square  barrels,  and 
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an  endless  chain  of  pistons  of  the  same  form  fixed  at  proper 
distances.  The  chain  is  moved  round  a  coarse  kind  of  wheel- 
work,  fixed  sometimes  at  one  end,  but  often  at  both  ends  of  the 
machine.  The  teeth  of  the  wheel-work  are  so  contrived  as  to 
receive  one  half  of  the  flat  pistons  and  let  them  fold  in ;  and 
they  take  hold  of  the  links  as  they  rise.  A  whole  row  of  the 
pistons  (which  go  free  of  the  sides  of  the  barrel  by  about  a 
quarter  of  an  inch)  are  always  lifting  when  the  pump  is  at 
work ;  and,  as  this  machine  is  generally  worked  briskly,  the 
pistons  or  pallets  bring  up  a  full  bore  of  water  in  the  pump. 
Chain-pumps  are  wrought  sometimes  by  men  turning  winches, 
sometimes  by  horses,  and  sometimes  by  the  impulse  of  a  stream 
of  water :  they  are  likewise  so  contrived  that  by  the  continual 
folding  in  of  the  pistons,  stones,  dirt,  or  whatever  comes  in  the 
way,  may  be  cleared  off:  they  are  therefore  often  used  to  drain 
ponds,  sewers,  and  remove  foul  water,  when  no  other  pump 
could* be  employed. 

Chain  pumps  are  not  merely  fixed  in  a  vertical  position,  but 
are  often  inclined ;  and  in  the  latter  case  they  are  in  a  state  of 
the  greatest  perfection,  or  raise  the  most  water,  when  the  breadth 
of  the  pallets  is  equal  to  their  distance  from  each  other,  and  the 
plane  is  inclined  under  an  angle  of  24^  21'. 

It  is  not  unusual  for  chain-pumps  to  be  erected  without  a 
barrel  to  receive  the  pistons,  after  the  manner  represented  in 
fig.  3.  pi.  XIX.  The  pallets  are  cx>nverted  into  square  boxes 
a,  a,  &c.  which  are  raised  by  means  of  hexagonal  axles,  each 
side  of  the  hexagon  being  equal  to  the  distance  from  box  to  box : 
the  boxes  descend  with  tneir  mouths  downwards,  and  so  enter 
the  water. 

Another  contrivance  for  raising  water  similar  to  the  chain- 
pump  is  an  endless  rope  with  stuffed  cushions  hung  upon  it, 
which,  by  means  of  two  wheels  or  drums,  are  caused  to  rise 
in  succession  in  the  same  barrel,  and  to  carry  water  with  them. 
From  the  resemblance  of  this  apparatus  to  a  string  of  beads,  it 
is  usually  called  paternoster-wiyrk.  But  in  this,  as  well  as  the 
chaiu-purop,  the  magnitude  of  the  friction  is  a  formidable  pracr 
tical  objection. 

6.  Jets  and  fountains  are  not  now  considered  as  conducive  to 
picturesque  beauty ;  nor  can  they  be  reckoned  of  much  utility, 
except  perhaps  in  not  climates:  we  have  not  therefore  described 
any  in  this  work.     But  in  the  fountain  of  Hero  of  Syracuse  a 

firmciple  is  introduced  which  has  been  found  of  great  utility  in 
arger  works ;  for  the  head  of  water  is  actually  lower  than  the 
orifice,  but  the  pressure  is  communicated  by  the  intervention  of 
a  column  of  air:  the  construction  of  this  fountain  is  as  follows. 
It  consists  of  two  vessels  klmn  (6g.  5.  pi.  XIX.)  and  oraa. 
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wbick  are  close  on  aU  aides.    A  tube  ab,  hmn^  a  funnel  at 
tbe  top,  passes  through  the  uppermost  vessel  without  commu- 
nicating with  it,  being  soldered  into  its  top  and  bottom.   It  also 
passes  tnrough  the  top  of  the  under  vessel,  where  it  is  likewise 
soldered,  and  reaches  almost  to  its  bottom.   This  tube  is  open 
at  both  ends.    There  is  another  open  tube  st,  which  is  soldered 
into  the  top  of  the  under  vessel,  and  the  bott(»n  of  the  upper 
vessel,  and  reaches  almost  to  its  top.  These  two  tubes  serve  also- 
to  support  the  upper  vessel.    A  third  tube  gf  is  soldered  into 
the  top  of  the  upper  vessel,  and  reaches  almost  to  its  bottom. 
This  tube  is  open  at  both  ends,  but  the  orifice  g  is  very  small. 
Now  suppose  the  uppermost  vessel  filled  with  water  to  the 
height  EN,  £e  being  its  surtace  a  little  below  t.  Stop  the  orifice 
G  with  the  finger,  and  pour  in  water  at  a.     This  will  descend 
through  AB,  and  compress  the  air  in  oqrp  into  less  room.  Sup- 
pose the  water  in  the  under  vessel  to  have  acquired  the  sur&ce 
ccy  the  air  which  formerly  occupied  the  whole  of  the  spaces 
OPQR  and  KhCE  will  now  be  contained  in  the  spaces  ofcc  and 
KLeE ;  and  its  elasticity  will  be  in  equilibrio  with  the  weight  of 
tbe  column  of  water  whose  base  is  the  surface  e^,  and  whose 
height  is  ac.     As  this  pressure  is  exerted  in  every  part  of  the 
air,  it  will  be  exerted  on  the  surface  Be  6t  the  water  of  the 
upper  vessel;  and  if  the  pipe  fg  were  continued  upwards,  the 
water  would  be  supported  in  it  to  a  height  en  above  e^,  equal 
to  AC.  Therefore,  if  the  finger  be  now  taken  from  oflF  the  orifice 
g,  the  fluid  will  spout  up  through  it  to  the  same  height  as  if 
it  had  fallen  through  a  tube  whose  altitude  }&  en.     So  long  as 
there  is  any  water  in  the  vessel  klnm  there  will  be  a  discharge 
through  the  orifice :  therefore  the  play  of  the  fountain  will  con- 
tinue whilst  the  water  contained  in  the  upper  vessel,  having 
spouted  out,  falls  down  through  the  pipe  ab  :  the  height  of  the 
water  measured  from  the  basin  vaw  to  the  surface  of  the  water 
in  the  lower  vessel  opqr  is  always  equal  to  the  height  measured 
from  the  top  of  the  jet  to  the  surface  of  the  water  in  the  vessel 
KLMV.     Now,  since  the  surface  e^  is  always  falling,  and  the 
water  in  the  lower  vessel  always  rising,  the  h^ght  of  the  jet 
must  continually  decrease,  till  it  is  shorter  by  the  depth  of 
LKNM,  which  is  empty,  added  to  the  depth  of  o}h>R>  which  i^ 
always  filling;  and  when  the  jet  is  fallen  so  low  it  immediately 
ceases  to  play. 

7.  A  machine  designed  to  raise  water  to  a  great  height  for  the ' 
irrigation  of  land,  in  such  situations  as  have  the  advantage  of 
a  small  fall,  is  described  in  Dr.  Darwin's  Phytologia:  as  it 
depends  on  the  principle  of  Hero's  fountain,  it  may  properly 
be  inserted  here. 

Fig.  4j  pi  XIX.  a,  hj  is  the  stream  of  water. 
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bf  Cf  ^r,  represents  the  water-fall,  supposed  to  be  10  feet. 

dj  e,  are  two  leaden  or  iron  vessels,  containing  a  certain 
quantity  of  water,  which  may  be  computed  to  be  about  4  gal- 
lons each. 

Ji  g^  A,  {,  A;,  Z,  are  leaden  vessels,  each  holding  about  two 
quarts. 

o,  p^  two  cocks,  each  of  which  passes  through  two  pipes, 
opening  the  one  and  closing  the  other. 

0,  r,  IS  a  water-balance^  that  moves  on  its  centre  s  ;  and  by 
which  the  two  cocks  o  and  p  are  alternately  turned. 

ty  u,  and  Wf  a;,  are  two  air  pipes  of  lead,  both  internally  one 
inch  and  a  quarter  in  diameter. 

y,  z ;  y^z  i  yy  z ;  are  water-pipes,  each  being  one  inch  in 
diameter. 

The  pipe  &,  e,  c,  is  always  full  from  the  stream  a,  b ;  the  small 
cisterns  gj  i,  Z,  and  the  large  one  d^  are  supposed  to  have  been 
previousyr  filled  with  water.  The  fluid  may  then  be  admitted 
by  turning  the  cock  o,  through  the  pipe  c,  e,  into  the  large  cis- 
tern e.  Ihis  water  will  press  the  air  confined  in  the  cistern  e^ 
up  the  air-pipe  %&,  ;r,  and  will  force  the  fluid  out  of  the  cisterns 
gf,  i,  Z,  into  tnose  marked  h,  Ar,  and  c.  At  the  same  time,  by 
opening  b,  the  water  and  condensed  air,  which  previoudy  ex- 
isted in  the  large  cistern  cZ,  and  in  the  smaller  ones  maj'ked^  A, 
*,  will  be  discharged  at  b.  After  a  short  time,  the  water- 
balance,  q,  r,  ^,  will  turn  the  cocks,  and  exclude  the  water, 
while  it  opens  the  opposite  ones:  the  cisterns^  A,^  Ar,  are 
emptied  in  their  turns  by  the  condensed  air  from  the  cistern  df 
as  the  water  progressively  enters  the  latter  from  the  pipe  6,  c. 

8.  A  very  ingenious  application  of  the  same  principle  has 
been  made  in  the  celebrated  Hungarian  machine,  at  Chemnitz. 
The  best  account  we  have  been  able  to  obtain  of  this  is  the 
following. 

In  fig.  3.  pi.  XVIII.  A  represents  the  source  of  water  ele- 
vated 136  feet  above  the  mouth  of  the  pit.  From  this  there 
runs  down  a  pipe  d  of  four  inches  diameter,  which  enters  the 
top  of  a  copper  cylinder  b,  8-^  feet  high,  5  feet  diameter,  and  £ 
inches  thick,  and  reaches  to  within  4  inches  of  the  bottom :  it 
has  a  cock  at  i.* 

This  cylinder  has  a  cock  at  q,  and  a  very  large  one  at  n. 
From  its  top  proceeds  a  pipe  vec  two  inches  in  diameter,  which 
goes  96  feet  down  the  pit,  and  is  inserted  into  the  top  of  another 
Drass  cylinder  c,*  which  is  6:^  feet  high,  4  feet  diameter,  and 

*  In  the  figure  these  yeisels  are  in  form  of  parallelopipeds,  and  there  are  some  pipes 
and  cocks  which  are  not  referred  to  in  this  description :  but  this  happens,  because  one 
diagram  is  made  to  serve  for  both  the  original  machine  and  Mr.  Boswell*s  improvements 
mentioned  directly  after. 
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two  inches  thick :  the  latter  containing  about  83  cubic  feet, 
which  is  nearly  one  half  of  the  capacity  of  the  former,  viz.  1 70 
cubic  feet.  1'here  is  another  pipe  fo  of  4  inches  diameter, 
which  rises  from  within  4  inches  of  the  bottom  of  this  lower  cy- 
linder, is  soldered  into  its  top,  and  rises  to  the  trough  ^  which 
carries  off  the  water  from  the  mouth  of  the  pit.  This  lower 
cylinder  communicates  at  the  bottom  with  the  water  o,  which 
collects  in  the  drains  of  the  mines.  A  large  cock  p  serves  to 
exclude  or  admit  this  water :  another  cock  m  at  the  top  of  this 
cylinder  communicates  with  the  external  air. 

Now,  suppose  the  cock  i  shut^  and  all  the  rest  open :  the 
upper  cylinder  will  contain  air,  and  the  lower  cylinder  will  be 
filled  with  water,  because  it  is  sunk  so  deep  that  its  top  is  below 
the  usual  surface  of  the  mine- waters.  Shut  the  cocks  q,  n,  m, 
p,  and  open  the  cock  r.  The  water  of  the  source  a  must  run 
in  by  the  orifice  j,  and  rise  in  tlie  upper  cylinder,  compressing 
the  air  above  it  and  along  the  pipe  vec,  and  thus  acting  on  the 
surface  of  the  water  in  the  lower  cylinder.  It  will  therefore 
cause  it  to  rise  gradually  in  the  pipe  of,  where  it  will  always  be 
of  such  a  height  that  its  weight  balances  the  elasticity  of  the 
compressed  air.  Suppose  no  issue  given  to  the  air  from  thd 
upper  cylinder,  it  would  be  compressed  into  one-fifth  of  its  bulk 
by  the  column  of  136  feet  high ;  for  a  column  of  34  feet  nearly 
balances  the  ordinary  elasticity  of  the  air.  Therefore,  when 
there  is  an  issue  given  to  it  through  the  pipe  vec,  it  will  drive 
the  compressed  air  along  this  pipe,  and  it  will  expel  water  from 
the  lower  cylinder.  When  the  upper  cylinder  is  full  of  water, 
there  will  be  34  cubic  feet  of  water  expelled  from  the  lower  cy- 
linder, if  the  pipe  op  had  been  more  than  136  feet  long,  the 
water  would  have  risen  1  :i6  feet,  being  then  in  equilibrio  with 
tlie  water  in  the  feeding  pipe  d  by  the  intervention  of  the  elastic 
air ;  but  no  more  water  would  have  been  expelled  from  the 
lower  cylinder  than  what  fills  this  pipe.  But  the  pipe  being 
only  96  feet  high,  the  water  will  be  thrown  out  at  z  with  a  con^ 
siderable  velocity.  If  it  were  not  for  the  great  obstructions 
which  water  and  air  must  meet  with  in  their  passage  along  pipes, 
it  would  issue  at  z  with  a  velocity  of  more  than  fifty  feet  per 
second.  It  issues  however  much  more  slowly,  and  at  last  the 
upper  cylinder  is  full  of  water,  and  the  water  would  enter  the 
pipe  v£  and  enter  the  lower  cylinder,  and,  without  displacing 
the  air  in  it,  would  rise  through  the  discharging  pipe  op,  and 
run  off  to  wa^te.  To  prevent  this  there  hangs  in  the  pipe  ve  a 
cork  ball  or  double  cone,  by  a  brass  wire  which  is  guided  by 
holes  in  two  cross  pieces  in  that  pipe.  When  the  upper.xyliu- 
der  is  filled  with  water,  this  cork  plugs  up  the  orifice  v,  and  no  » 
water  is  wasted;   the  influx  at  J  now  stops.     15ut  the  lower 
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cylinder  contains  compressed  air,  which  would  bal^iee  water  in 
a  discharging  pipe  1 S6  feet  high,  whereas  o  p  is  only  96.  11iere» 
fore  the  water  will  continue  to  flow  at  z  till  the  air  has  so  far 
expanded  as  to  balance  only  96  feet  of  wat^,  that  is,  till  it  oc- 
cupies one-half  of  its  ordinary  bulk,  that  b,  one-fourth  of  the 
capacity  of  the  upper  cylinder,  or  42  j.  cubic  feet.  Therefore 
424-  cubic  feet  will  be  expelled,  and  the  efflux  at  z  will  cease ; 
and  the  lower  cylinder  is  about  one-half  full  of  water.  When 
the  attending  workman  observes  this,  he  shuts  the  coek  i.  He 
might  have  done  this  before,  had  he  known  when  the  orifice  v 
was  stopped ;  but  no  loss  ensues  from  the  delay.  At  the  same 
time  the  attendant  opens  the  cock  n  ,  the  water  issues  with  great 
violence,  being  pressed  by  the  condensed  air  from  the  lower  cy- 
linder. It  therefore  issues  with  the  sum  of  its  own  weight  and 
of  this  compression.  These  gradually  decrease  together,  by- the 
efflux  of  the  water  and  the  expansion  of  the  air ;  but  this  efflux 
stops  before  all  the  water  has  flowed  out ;  for  there  are  424-  feet 
of  the  lower  cylinder  occupied  by  air.  This  quantity  of  water 
remains,  therefore,  in  the  upper  cylinder  nearly :  the  workman 
knows  this,  because  the  discharged  water  is  received  first  of  all 
into  a  vessel  containing  three- fourths  of  the  capacity  of  the 
upper  cylinder.  Whenever  this  is  fillet',  the  attendant  opens 
the  cock  p  by  a  long  rod  which  goes  down  the  shaft;  this  allows 
the  water  of  the  mine  to  filj  the  lower  cylinder,  and  the  air  to 
get  into  the  upper  cylinder,  which  permits  the  remaining  water 
to  run  out  of  it.  Thus  every  thing  is  brought  into  its  first  con- 
dition ;  and  when  the  attendant  sees  no  more  water  come  out 
at  N,  he  shuts  the  cocks  n  and  m,  and  opens  the  cock  i,  and  the 
operation  is  repeated. 

There  is  a  very  surprising  appearance  in  the  working  of  this 
engine.  When  the  efflux  at  z  has  stopped,  if  the  cock  g  be 
opened,  the  water  and  air  rush  out  together  with  prodigious 
violence,  and  the  drops  of  water  are  changed  into  hail  or  lumps 
of  ice.  It  is  a  sight  usually  shown  to  strangers,  who  are  desired 
to  hold  their  hats  to  receive  the  blasts  of  air :  the  ice  comes  out 
with  such  violence  as  freouently  to  pierce  the  hat  like  a  pistol 
bullet.  This  rapid  congelation  is  a  remarkable  instance  of  the 
general  fact,  that  air  by  suddenly  expanding  generates  cold, 
Its  capacity  for  beat  being  increased. 

The  above  account  of  the  procedure  in  woricing  this  engine 
shows  that  the  efflusn  both  at  z  and  n  becomes  very  slow  near 
the  end.  It  is  found  convenient  therefore  not  to  wait  for  the 
complete  discharges,  but  to  turn  the  cocks  when  about  30  cubic 
feet  of  water  have  been  discharged  at  z :  more  work  is  done  in 
'  this  way.  A  gentleman  of  great  accuracy  and  knowledge  of 
these  subjects  took  the  trouble  of  noticing  particularly  the  per- 
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formance  of  the  maGbine.     He  observed  that  cacb  stroke,  as  it 
may  be  caHed,  took  up  about  three  minutes  and  one-eighth ;  and 
that  S^  cubic  feet  of  water  were  discharged  at  z,  and  66  were 
expended  at  n.    The  expense  therefore  is  66  feet  of  water 
falling  1 36  feet,  and  the  performance  is  32  raised  96,  and  they 
are  in  the  proportioaof  66  x  1S6  to  32  x  96,  or  of  1  to  0^22, 
or  nearly  as  S  to  i.     This  is  superior  to  the  performance  of 
tbe  most  perfect  undershot  mill,  even  when  all  friction  and 
irregular  obstructions  are  neglected ;  and  is  not  much  inferior 
to  any  overshot  pump-mill  that  has  yet  been  erected.     When 
we  reflect  on  the  great  obstructions  which  water  meets  with  in 
its  passage  through  long  pipes,  we  maybe  assured  that/ by 
doubling  the  size  of  the  feeder  and  discharger,  the  performance 
of  the  machine  will  be  greatly  improved  ;  we  do  not  hesitate 
to  say,  that  it  would  be  mcreased  one-third  :  it  is  true  that  it 
will  expend  more  water ;  but  this  will  nbt  be  nearly  in  the 
same  proportion,  for  mosl^  of  the  deficiency  of  the  machine 
arkes  from  the  needless  velocity  of  the  first  efflux  at  z.     The 
discharging  pipe  ought  to  be  1 10  feet  high,  and  not  give  sensi- 
bly less  water.      Then  it  must  be  considered  how  inferior  in 
original  expense  this  simple  machine  must  be  to  a  mill  of  any 
kind  which  would  raise  lO  cubic  feet  96  feet  high  in  a  minute, 
and  how  small  the  repairs  on  it  need  be,  when  compared  with 
a  mill.     And,  lastly,  let  it  be  noticed  that  such  a  machine  can 
be  used  where  no  mill  whatever  can  be  put  in  motion.     A 
small  stream  of  water,  which  would  not  move  an  v  kind  of  wheel, 
will  here  raise  one-third  of  its  own  quantity  to  the  same  height ; 
working  as  fast  as  it  is  supplied. 

For  these  reasons,  we  think  that  the  Hungarian  n^achine 
eminently  deserves  the  attention  of  mathematicians  and  en* 

f'neers,  to  bring  it  to  its  utmost  perfection,  and  into  general  use. 
hiere  are  situations  where  this  kind  of  machine  may  be  very 
useful.  Thus,  where  the  tide  rises  17  feet,  it  maybe  used  for 
compressing  air  to  seven-eighths  of  its  bulk ;  and  a  pipe  leading 
from  a  very  large  vessel  inverted  in  it  may  be  used  for  raising 
tlie  waler  from  a  vessel  of  one-eighth  of  its  capacity  1 7  feet  high ; 
or  if  this  vessel  has  only  one-tenth  of  the  capacity  of  the  large 
one  set  in  the  tide-way,  two  pipes  may  be  led  from  it ;  one  into 
the  small  vessel,  and  the  other  into  an  equal  vessel  l6  feet  higher, 
vhich  receives  the  water  from  the  first.  Thus  one-sixteenth 
of  the  water  may  be  raised  34  feet,  and  a  smaller  quantity  to  a 
stUl  greater  height ;  and  this  with  a  kind  of  power  that  can 
hardly  be  applied  any  other  way.  Machines  of  this  kind  are 
described  by  Schotttis,  Sturmius,  Leupold,  and  other  old 
wriders;  and  they  should  not  be  forgotten,  because  Opportu- 
nities may  oSkr  of  making  them  highly  beneficial. 

0,2 
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9.  Mr.  John  Whitley  Boswell  has  devised  an  apparatus 
which  when  attached  to  such  a  madiine  as  that  at  Cnemnitz 
will  enable  it  to  work  itself  without  attendance.  The  descrip- 
tion of  this  will  be  presented  to  the  reader  in  Mr.  Boswell^s 
own  words. 

Fig.  3.  pi.  XVIII.  A  is  the  reservoir,  or  upper  level  of  water. 

B,  a  chamber  made  of  suflScient  strength  to  bear  the  internal 
pressure  of  a  column  of  water  the  height  of  a  above  it,  multi- 
plied by  its  own  base. 

c,  a  chamber  of  the  same  strength  as  b,  but  of  a  smaller  size ; 
it  is  placed  at  the  bottom  of  the  pit  from  which  the  water  is  to 
be  raised,  and  under  the  level  of  the  water. 

These  chambers  would  be  stronger  with  the  same  materials, 
if  of  a  globular  or  cylindrical  form ;  but  the  square  shape  is 
used  in  the  drawing  merely  for  the  facility  of  representing  the 
position  of  the  parts. 

D,  a  pipe  from  the  reservoir  a  which  passes  through  the  top 
of  B,  and  ends  near  its  bottom,  to  convey  water  from  a  to  b. 

E,  a  pipe  from  the  top  of  b  to  the  top  of  c,  to  convey  air 
from  B  to  c. 

F,  a  pipe  from  the  bottom  of  c  to  the  level  of  the  ground  at 
the  top  of  the  pit,  to  carry  off  the  water  from  the  pit. 

G,  a  pipe  from  the  bottom  of  b  to  carry  off  the  water  from 
it. 

H,  a  vessel  to  contain  the  water  used  in  working  the  cocks ; 
it  is  only  placed  on  the  top  of  b  to  save  the  construction  of  a 
stand  on  purpose  for  it. 

I,  a  cock,  or  moveable  valve  (worked  by  the  lever  there  re- 
presented), in  the  large  pipe  d. 

K,  a  stop-cock  in  tne  small  pipe  which  conveys  water  from 
D  to  u.  its  use  is  to  make  the  engine  work  faster  or  slower, 
by  letting  water  more  or  less  quick^  into  h  ;  or  to  stop  it  alto- 
gether from  working  when  required. 

L,  a  moveable  valve  or  cock  in  the  small  pipe  lk.  The  lever 
which  works  it  is  connected  by  a  strong  wire  with  the  lever 
which  works  i,  ami  is  balanced  by  a  weight  at  its  opposite 
extremity,  sufficient  to  open  both  these  cocks  and  shut  n,  when 
not  prevented  by  a  counter  weight. 

N,  a  cock  in  the  pipe  g  to  open  and  shut  it  as  wanted. 

o,  a  self-moving  valve  in  the  pipe  f,  which  permits  the  water 
to  pass  upwards,  but  prevents  its  return. 

p,  a  self-moving  valve  at  the  bottom  of  c,  which  permits  the 
water  to  pass  into  c,  but  prevents  any  from  passing  out  of  it; 
it  is  furnished  with  a  grating,  to  prevent  dirt  getting  in. 

B,  a  vessel  suspended  from  the  levers  of  i  and  l,  capable  of 
containing  a  weight  of  water  sufficient  to  shut  them. 
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s,  a  vessel  suspended  from  the  lever  of  x :  it  must  contain 
water  enough  by  its  weight  to  open  n  :  it  is  connected  by  a 
chain  to  b,  to  keep  it  down  as  long  as  n  is  open. 

T,  a  syphon  passing  from  the  bottom  of  h,  near  its  upper 
edge,  and  down  again  to  the  mouth  of  R, 

V,  a  self-moving  valve  of  a  sufficient  levity  to  rise,  when  the 
water  in  b  comes  up  to  it,  and  close  the  pipe  £ ;  into  which  no 
water  would  else  pass  from  b.  A  ball-cock,  such  as  used  in 
common  water  cisterns,  would  do  here. 

^>  &  syphon  from  the  bottom  of  b  rising 'within  an  inch  of 
its  top,  and  passing  down  again  to  the  mouth  of  s. 

Y,  a  small  pipe  at  the  bottom  of  s :  this  may  have  a  stop- 
cock, to  regulate  it,  which,  when  stopped,  will  also  stop  the 
engine. 

The  mode  of  this  engine^s  working  is  as  follows :  suppose 
the  vessels  v,  h,  r,  and  s  empty  of  water,  and  the  cocks  k  and 
Y  open,  and  the  vessel  c  full  of  water.  The  weight  on  the  lever 
of  L  will  then  open  the  cocks  l  and  i,  on  which  the  water  from 
A  will  flow  into  b  and  h.  As  the  water  rises  in  b,  it  will 
force  the  air  through  e  into  c,  which,  strongly  pressing  on  the 
water  in  c,  will  force  it  up  through  the  pipe  f,  till  the  water  in 
B  rises  to  the  lever  of  v  and  closes  it,  at  which  time  h  will  be 
full  of  water  (the  quantity  flowing  in  being  so  regulated  by  the 
cock  k),  and  the  water  will  flow  from  it  through  the  syphon  t 
into  the  vessel  r,  which  as  it  fills  shuts  the  cocks  i  and  l,  and 
prevents  any  more  water  coming  into  b  and  h.  When  r  is 
mil,  the  water  flows  through  its  syphon  x,  which  fills  s,  and  by 
it  opens  n,  which  empties  b  of  water,  and  keeps  n  open  as 
long  as  there  is  any  water  in  h. 

When  H  is  empty,  b  will  be  so  too  (being  so  regulated  by  the 
cock  k),  on  which,  in  a  moment  or  two,  r  and  s  will  also  be 
empty ;  which  will  cause  the  cocks  i  and  l  to  open,  and  all 
things  will  be  again  in  the  state  first  supposed,  for  a  repetition 
of  the  operations  described. 

To  stop  the  engine,  the  cocks  at  k  and  y  should  be  shut, 
while  8  is  full  of  water.  To  set  it  working,  they  should  be 
open ;  and  this  is  all  the  attendance  it  will  require.  As  no 
one  but  an  engineer  should  attempt  to  construct  such  an  engine 
as  this,  it  was  useless  to  represent  the  manner  of  connecting  the 
pipes  by  flanches  or  otherwise ;  or  the  proper  methods  of  fasten- 
ing and  closing  the  parts,  which  are  all  well  known  to  such 
as  have  made  tnis  art  their  study.  (Nicholson's  Journal^  4to. 
vol.  I.) 

In  No.  5.  of  the  New  Series  of  Nicholson's  Journal,  Mr. 
Boswell  has  made  some  further  improvements  in  the  application 
of  the  Hungarian  machine. 
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10. 1  he  SpiraJpump  isavery  curioushydrauHc  engine,  which 
operates  onnearly  the  same  principle  as  the  Hungarian  machine! 
The  first  engine  of  this  kind,  of  which  we  have  seen  any  account; 
was  invented  and  erected  by  H.  Andreas  Wirtz,  a  tinplate- 
worker  of  Zurich,  at  a  dye-house  in  Limmat,  in  the  vicinity  of 
that  city.  It  consists  of  a  hollow  cylinder,  like  a  very  large 
grindstone,  turning  on  a  horizontal  axis,  and  partly  plunged  in 
a  cistern  of  water.  The  axis  is  hollow  at  one  end,  and  com- 
municates with  a  vertical  pipe.  This  cylinder  or  drum  is  formed 
into  a  spiral  canal:  by  a  plate  coiled  up  within  it  like  the  main 
spring  of  a  watch  in  its  box ;  only  the  spires  are  at  a  distance 
from  each  other,  so  as  to  form  a  conduitfor  the  waterof  uniform 
width.  This  spiral  partition  is  Well  joined  to  the  two  ends  of 
the  cylinder,  and  no  water  escapes  between  them'.  The  outer- 
most turn  of  the  spiral  begins  to  widen  about  |:  of  a  circumfer- 
ence from  the  end,  and  this  gradual  enbrgement  continues 
nearly  a  semicircle,  this  part  being  called  the  horn :  it  then 
widens  suddenly,  forming  a  scoop  or  shovel.  The  cylinder  is 
so  supported  that  this  shovel  may,  in  the  course  of  a  rotation, 
dip  several  inches  into  the  water.  As  the  cylinder  turns  upon 
its  axis,  the  scoop  dips  and  takes  up  a  certain  quantity  of  "water 
before  it  emerges  again.  This  quantity  is  sufficient  to  fill  the 
horn ;  and  this  again  is  nearly  equal  in  capacity  to  the  outer- 
most uniform  spiral  round. 

After  the  scoop  is  emerged,  the  water  passes  along  the  spiral 
by  the  motion  of  it  round  the  axis,  and  drives  the  air  before  it 
into  the  rising  pipe,  where  it  escapes.  In  the  mean  time,  air 
comes  into  the  mouth  of  the  scoop ;  and  when  the  scoop  again 
dips  into  the  water,  it  again  takes  in  some  of  that  fluid.  Thus 
there  becomes  a  part  filled  w^ith  water,  and  a  part  filled  with 
air.  Continuing  this  motion,  a  second  round  of  water  will  be 
received,  and  another  of  air.  The  water  in  any  turn  of  the 
spiral  will  have  its  two  ends  on  a  level ;  and  the  air  between  the 
successive  columns  of  water  will  be  in  its  natural  state ;  for  since 
the  passage  into  the  rising  pipe  or  main  is  open,  there  is  itothing 
to  &rce  the  water  and  air  into  any  other  position.  But  since 
the  spires  gradually  diminish  in  their  length,  it  is  plain  that 
the  column  of  water  will  gradually  occupy  more  and  more  of 
the  circumference  of  each.  At  last  it  will  occupy  a  complete 
turn  of  some  spire  that  is  near  thecentre ;  nnd  when  sent  further 
in  by  the  continuance  of  the  motion,  some  of  it  will  run  back, 
over  the  top  of  the  succeeding  spire.  Thus  it  will  run  over 
into  the  right-hand  side  of  the  third  spire ;  and  consequently 
will  push  the  water  of  this  spire  backwards,  and  raise  its  other 
end,  so  that  it  will  likewise  run  over  backwards  before  the  next 
rotation  be  completed.     At  length  diis  change  of  disposition 
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will  reach  the  Ofutermost  spire,  and  some  water  will  run  over 
into  the  horn  and  scoop,  and  finally  into  the  cistern. 

But  as  soon  as  water  gets  into  dhe  rising  pipe,  and  rises  a 
little  into  it,  it  stops  the  escape  of  the  air  mien  the  next  scoop 
of  water  is  taken  in.  Hence  thei*e  are  then  two  columns  of 
water  acting  against  each  other  by  hydrostatic  pressure, and  the 
intervening  column  of  air :  they  must  compress  the  air  between 
them,  and  the  water  and  air  columns  will  now  be  unequal : 
this  will  have  a  general  tendency  to  keep  the  whole  water  back, 
and  cause  it  to  be  higher  on  the  left  or  rising  side  of  each  spire 
than  on  the  right  or  descending  side  :  the  excess  of  height  being 
just  such  as  produces  the  compression  of  the  air  between  that 
and  the  preceding  column  of  water.  This  will  go  on  increasing 
as  the  water  mounts  in  the  rising  pipe ;  for  the  air  next  to  the 
rising  pipe  is  compressed  at  its  inner  end  with  a  weight  of  the 
whole  column  in  tne  main :  and  it  must  be  as  much  compressed 
at  its  outer  end,  which  must  be  done  by  the  water  column  with- 
out it ;  and  this  column  exerts  ttiis  pressure  partly  by  reason 
that  its  outer  end  is  higher  than  its  inner  end,  and  partly  by 
the  transmission  of  the  pressure  on  its  outer  end  by  au*,  which 
is  similarly  compressed  from  without.  Thus  it  will  happen 
that  each  column  of  water  being  higher  at  its  outer  than  at  its 
inner  end,  compresses  the  air  on  the  water  column  beyond  or 
within  it,  which  transmits  this  pressure  to  the  air  beyond  iV, 
adding  to  it  the  pressure  arising  from  its  own  want  of  level  at 
the  ends.  Consequently,  the  greatest  compression,  viz.  that 
of  the  air  next  the  main,  is  produced  by  the  sum  of  all  the  trans-' 
Knitted  pressures ;  and  these  are  the  sum  of  all  the  differences 
between  the  elevations  of  the  inner  ends  of  the  water  columns 
above  their  outer  ends :  and  the  height  to  which  the  water  will 
rise  in  the  main  will  be  just  equal  to  this  sum. 

Suppose  the  left-hand  spaces  of  each  spire  to  be  filled  with 
water,  and  the  right-hand  spaces  filled  with  air,  as  is  shown,  in 
regard  toone  spire,in  fig.S.pLXVlI.  There  is  a  certain  grada- 
tion of  compression  which  will  keep  things  in  this  position :  for 
the  spaces  manifestiv  decrease  in  arithmetical  progression  ;  and 
so  do  the  hydrostatic  heights  and  pressures :  if,  therefore,  the 
air  be  dense  in  the  same  progression  all  will  be  in  hydrostatical 
equilibrium.  Now  this  may  obviously  be  produced  oy  the  mere 
motion  of  the  machine ;  for  since  the  density  and  compression 
in  each  air  column  is  supposed  inversely  as  the  magnitude  of 
the  column,  the  quantity  of  air  is  the  same  in  all ;  therefore  the 
column  first  taken  in  will  pass  gradually  inwards,  and  the  in- 
creasing compression  will  cause  it  to  occupy  precisely  the  whole 
risbt-hand  ot  every  spire.  The  gradual  diminution  of  the  water 
cdumns  will  be  produced,  during  the  motion,  by  the  water 
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running  over  backwards  at  the  top  from  spire  to  spire,  and  ulti- 
mately  coming  out  by  the  scoop.  Since  the  hydrostatic  height 
of  each  water  column  is  now  the  greatest  possible,  viz.  the 
diameter  of  the  spire,  it  is  evident  that  this  disposition  of  the 
air  and  water  will  raise  the  water  to  the  greatest  height  This 
disposition  maybe  obtained  thus  :  let  cb  be  a  vertical  radius  of 
the  wheel,  c  being  the  centre,  and  B  the  highest  point  [the 
figure  may  easily  be  drawn] ;  upon  cb,  take  cl  to  cB,  as  the  den- 
sity of  the  external  air  to  its  density  in  the  last  column  next  the 
rising  pipe  or  main;  that  is,  make  cl  to  ( B  as  34  feet  (the  height 
of  the  column  of  water  which  balances  the  pressure  of  the  at- 
mosphere), to  the  sum  of  34  feet,  and  the  height  of  the  rising 
pipe  :  then  divide  bl  into  such  a  number  of  turns  that  the  sum 
of  their  equal  diameters  shall  be  equal  to  the  height  of  the  main ; 
lastly,  bring  a  pipe  straight  from  l  to  the  centre  c.  Such  is 
the  construction  of  the  spiral  pump,  as  originally  invented 
by  Wirtz  :  it  oertainly  indicates  very  considerable  mechanical 
knowledge  and  sagacity. 

But,  when  the  main  is  very  high,  this  construction  will  re- 
quire either  an  enormous  diameter  of  the  drum,  or  many  turns 
of  a  very  narrow  pipe.  In  such  cases  it  will  be  much  better 
to  make  the  spiral  in  the  form  of  a  corkscrew,  than  of  this  flat 
form  like  a  watch-spring.  The  pipe  which  forms  the  spiral  may 
be  wrapped  round  the  frustum  of  a  cone,  whose  greatest  dia- 
meter is  to  the  least  (which  is  next  to  the  rising  pipe)  in  the 
proportion  just  assigned  to  cb  and  cl.  By  this  construction  the 
water  will  so  stand  in  every  round  as  to  have  its  upper  and 
lower  sur&ces  tangents  to  the  top  and  bottom  of  the  spiral,  and 
the  water  columns  will  occupy  the  whole  ascending  side  of  the 
machine,  while  the  air  occupies  the  descending  side.  This  form 
is  far  preferable  to  the  flat  form:  it  will  allow  us  to  employ  many 
turns  of  a  large  pipe,  and  therefore  produce  a  great  elevation 
of  a  large  quantity  of  water. 

The  same  thing  will  be  still  better  accomplished  by  wrapping 
the  pipe  on  a  cylinder,  and  making  it  gradually  tapering  to  the 
end,  in  such  a  manner  that  the  contents  of  each- spire  may  be 
the  same  as  when  it  is  ^rapped  round  the  cone.  It  will  raise 
the  water  to  a  greater  height  (though  certainly  with  an  increase 
of  the  impelling  power),  by  the  same  number  of  spires,  because 
the  vertical  or  pressing  height  of  each  column  is  greater. 

In  the  preceding  description  of  this  machine,  that  construc- 
tion ha3  been  chosen  which  made  its  principle  and  manner  of 
working  most  evident,  namely,  that  which  contained  the  same 
material  quantity  of  air  in  each  turn  of  the  spiral,  more  and  more 
compressed  as  it  approaches  to  the  rising  pipe.  But  this  is 
not  the  best  construction :  for  we  see  that  in  order  to  raise 
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water  to  the  height  of  the  colamn  of  34  feet,  the  air  in  die  last 
spire  is  compressed  into  half  its  space ;  and  the  quantity  of 
water  delivered  into  the  main  at  each  turn  is  but  half  what 
was  received  into  the  first  spire,  the  rest  flowing  back  from 
spire  to  spire,  and  being  discharged  at  the  spout. 

But  the  construction  may  be  such  that  the  quantity  of  water 
in  each  spire  may  be  the  same  that  was  received  into  the  first; 
by  which  means  a  greater  quantity  (double  in  the  instance  now 
given)  will  be  delivered  into  the  main,  and  raised  to  the  same 
altitude  by  very  nearly  the  same  force.  This  may  be  done  by 
another  proportion  of  the  capacity  of  the  spires ;  either  by  a 
change  of  their  caliber,  or  of  the  diameters  of  the  solid  on  which 
they  are  folded.  Suppose  the  bore  to  be  uniform  throughout, 
the  diameters  must  so  vary  that  the  constant  column  oiwater 
and  the  column  of  air,  compressed  to  the  proper  degree,  may 
occupy  the  whole  circumference.  Let  a  be  the  column  of 
water  which  balances  the  pressure,  and  h  the  height  to  which 
the  water  is  to  be  raised.  Let  a  be  to  a  +  h  as  1  to  7/l  Then 
it  is  plain  that  m  will  represent  the  density  of  the  air  in  the  last 
spire,  if  its  natural  density  be  1,  because  it  is  pressed  by  the 
column  A  +  H  while  the  common  air  is  pressed  by  a.  Let  1 
represent  the  constant  water  column,  and  consequently  it  will 
be  nearly  equal  to  the  air  column  in  the  first  spire :  then  the 

whole  circumference  of  the  last  spire  must  be  1  H ,  in  order 

to  hold  the  water  1,  and  to  compress  the  air  into  the  space  •-*- 
or' .     The  circumference  of  the  first  spire  is  1  +  1  or  2: 

A+H  ^ 

and  if  d  and  d  be  the  diameters  of  the  first  and  last  spires  we 

have  2:  1  H : :  d  :  ci  or  2  w :  w  +  1 : :  d  :  d.  If,  therefore, 

a  pipe  of  uniform  bore  be  wrapped  round  a  conic  frustum,  of 
which  o  and  d  are  the  end  diameters,  the  spirals  will  be  veiy 
nearly  such  as  will  answer  the  purpose.  It  will  not  be  quite 
exact,  for  the  intermediate  spirals  will  be  rather  too  large:  the 
conoidal  frustum  should  in  strictness  be  formed  by  the  revo- 
lution of  a  logarithmic  curve.  With  such  a  spiral  the  full 
quantity  of  water  which  was  confined  in  the  first  spire  will 
soon  find  room  in  the  last,  and  will  be  sent  into  the  main  at 
every  rotation.  This  is  a  very  great  advantage,  especially  when 
the  water  is  to  be  much  raised.  The  saving  of  power  by  this 
change  of  construction  is  always  proportional  to  the  greatest 
compression  of  the  air. 

Tne  chief  difficulty  in  any  of  these  forms  is  in  determining 
the  form  and  position  of  the  horn  and  the  scoop ;  yet  on  this 
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theperformanceof  the  machine  greatly  depends*  The  following 
instructions  will  render  this  tolerably  easy.  Let  a^eo  (fig.  3. 
pi.  XVI [.)  represent  the  first  or  outermost  spire,  of  which  the 
axis  is  c.  Suppose  the  machine  immerged  up  to  the  axis  in 
the  water  whose  surface  is  vy':it  has  been  seen  that  it  is  most 
effective  when  the  sur&ces  kb  and  on  of  the  water  columns  are 
distant  from  each  other  the  whole  diameter  bo  of  the  spire. 
Let  therefore  the  pipe  be  first  conceived  of  equal  caliber  to 
the  very  moutli  Kty  which  we  suppose  to  be  just  about  to  dip 
into  the  water :  the  surface  on  is  kept  there  in  opposition  to 
the  pressure  of  the  water  column  bao  by  the  compressed  air 
contained  in  the  quadrant  oe,  and  in  the  quadrant  which  lies 
behind  bb  :.  and  this  compression  is  supported  by  the  columns 
behind,  between  this  spire  and  the  rising  pipe.  But  the  air  in 
the  outermost  quadrant  eb  is  in  its  natural  state,  because  it  as 
yet  communicates  with  the  external  air.  When,  however,  the 
mouth  ze  has  come  round  to  a,  it  will  not  have  the  water 
standing  in  it  in  the  same  manner,  leaving  the  half  space  beo 
filled  with  compressed  air ;  for  it  took  in  and  confined  only 
what  filled  the  quadrant  be.  It  is  obvious,  therefore,  that  the 
quadrant  be  must  be  so  shaped  as  to  take  in  and  confine  a 
much  greater  quantity  of  air;  so  that  when  it  has  come  to  a^ 
die  space  beo  may  contain  air  sufficiently  dense  to  support  the 
column  Ao.  But  this  is  not  enough :  for  when  the  wide  mouth 
now  at  Ao!  rises  up  to  the  top,  the  surface  of  the  water  in 
it  rises  also,  because  the  part.AOoa  is  more  capacious  than 
the  part  of  uniform  bore  oe^o  that  succeeds  it,  and  that  cannot 
contain  all  the  water  which  it  previously  held.  Since  then  the 
water  in  the  spire  rises  above  a,  it  will  press  the  water  back 
from  on  to  some  other  position  mW,  and  the  pressing  height  of 
the  water  column  will  be  diminished  by  this  rising  on  the  other 
side  of  o.  Hence  it  will  appear  that  the  horn  must  begin  to 
widen,  not  from  b,  but  from  a,  and  must  occupy  the  whole 
semicircle  abe  ;  while  its  capacity  must  be  to  the  capacity  of 
the  opposite  side  of  uniform  bore  as  the  sum  of  bo  and  the 
height  of  a  column  of  water  which  balances  the  atmosphere 
to  uie  height  of  that  column :  for  then  the  air  which  filled  it 
when  of  the  common  density  will  fill  the  uniform  side  beo, 
when  compressed  so  as  to  balance  the  vertical  column  bo. 
But  even  this  is  not  sufficient;  for  it  has  not  taken  water  enough. 
When  it  dipped  into  the  cistern  at  e  it  carried  air  down  with  it, 
and  the  pressure  of  the  water  in  the  cistern  caused  that  fluid  to 
rise  into  it  a  little  way;  and  some  water  must  have  come  over 
at  B  from  the  other  side,  which  was  drawing  narrower.  When, 
therefore,  the  horn  is  in  the  position  eoa  it  is  not  full  of 
water :  consequently,  when  it  comes  into  the  situation  oab  it 
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cannot  be  full,  nor  can  it  bidance  the  air  on  the  opposite  side^ 
Hence  some  will  come  out  at  o,  and  rise  up  through  the  water. 
The  born  must  tlierefore  extend  at  least  from  o  to  b,  or 
occupy  half  the  circumference;  and  it  must  contain  at  least 
twice  as  much  water  as  would  fill  the  side  beo.  Nay,  if  it 
be  much  larger,  there  may  be  no  disadvantage;  because  the 
surplus  of  air  which  it  takes  in  at  £  will  be  discharged  as  the 
end  Ee  of  the  horn  rises  from  o  to  b,  and  it  will  leave  the 
precise  quantity  that  is  wanted.  The  overplus  water  will  be  dis- 
charged as  the  born  comes  round  to  dip  again  into  the  cistern. 

We  must  also  secure  the  proper  quantity  of  water.   When 
the  machine  is  so  much  immersed  as  to  be  up  to  its  axis  in 
water,  the  capacity  which  thus  secures  the  proper  quantity  of 
air  will  also  take  in  the  proper  quantity  of  water.    But  it  may 
be  erected  so  as  that  the  spirals  shall  not  even  readi  the  water : 
and  in  this  case  it  will  answer  the  purpose  if  a  scoop  or  shovel 
be  joined  to  the  horn,  and  so  formed  as  to  take  in  at  least  as 
much  water  as  will  iill  the  horn.    This  is  all  that  is  wanted  in 
the  beginning  of  the  motion  along  the  spiral,  and  more  than  is 
necessary  when  the  water  has  advanced  to  the  succeeding  spiret 
but  the  overplus  is  discharged  in  the  way  just  mentioned.    The 
scoop,  it  should  be  observed,  must  be  very  open  on  the  side  next 
the  axis,  that  it  may  not  confine  the  air  as  it  enters  the  water; 
fur  this  would  hinder  it  from  receiving  enough  of  that  fltiid. 

As  an  example  we  shall  give  the  dimensions  of  a  machine 
erected  at  Florence,  whose  performance  corresponded  extremely 
well  with  the  theory.  The  spiral  is  formed  on  a  cylinder  of  10 
feet  diameter,  and  the  diameter  of  the  pipe  is  6  inches.  The 
smaller  end  of  the  horn  is  of  the  same  diameter;  it  occupies  -^  of 
the  circumference,  and  is  7*8  inches  wide  at  the  outer  end :  here 
it  joins  the  scoop,  which  lifts  as  much  water  as  fills  the  horn, 
which  contains  4340  Swedish  cubic  inches,  each  =r  1*577 
English.  The  machine  makes  6  revolutions  in  a  minute,  and 
raises  1354  pounds  of  water,  or  2£  cubic  feet,  10  feet  high  in 
a  minute.  Thus  it  raises  more  than  4^ths  of  what  the  theory 
would  lead  us  to  expect,  and  yet  it  is  not  perfect;  for  the  spiral 
is  throughout  of  equal  caliber,  and  is  formed  on  a  cylinder  in^ 
stead  of  a  c(Hioid. 

In  this  machine  the  friction  is  so  inconsiderable  that  it  need 
not  be  mentioned :  but  the  great  excellency  is,  that  whatever 
imperfections  there  may  be  in  the  arrangement  of  the  air  and 
water  columns,  it  only  affects  the  elegance  of  the  execution, 
causing  the  water  to  make  a  few  more  turns  in  the  spiral  before 
it  can  mount  to  the  required  height ;  but  it  wastes  no  power^ 
because  the  power  employed  is  always  in  proportion  to  the  sum 
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c^the  vertical  columns  of  water  in  the  rising  side  of  the  madiincj 
and  the  altitude  to  which  the  water  is  raised  by  it  is  in  the  very 
same  proportion.  The  machine  should  be  made  to  move  very 
slow,  that  the  water  be  not  always  dragged  up  by  the  pipes, 
which  would  cause  more  to  run  over  from  each  column,  and 
diminish  the  pressure  of  the  remainder,  if  the  rising  pipe  be 
made  wide,  and  thus  room  be  made  for  the  air  to  escape  freely 
upwards  through  the  water,  it  will  rise  to  the  height  assigned; 
but  if  the  pipe  be  narrow,  so  that  the  air  cannot  rise  freely,  it 
rises  almost  as  slowly  as  the  water ;  and  by  this  circumstance 
the  water  mixed  with  the  air  ii|A*aised  to  a  much  greater  height, 
and  this  with  hardly  any  augmentation  of  the  power.  Thus  it 
is  that  the  great  performance  of  the  Florentine  machine  (which 
is  almost  triple  what  a  man  can  do  with  the  best  constructed 
pump)  is  accounted  for.  Lastly,  we  may  observe  that  the  en- 
trance into  the  rising  pipe  should  be  no  wider  than  the  last  part 
of  the  spiral ;  and  it  would  be  advisable  to  divide  it  into  four 
channels  by  a  thin  partition,  and  then  to  itiake  the  rising  pipe 
very  wide,  and  to  put  into  it  a  number  of  slender  rods,  which 
would  divide  it  into  several  slender  channels  that  would  serve 
completely  to  entangle  the  air  among  the  water :  this  procedure 
will  greatly  increase  the  heights  to  which  the  heterogeneous 
column  n)ay  be  carried. 

We  earnestly  recommend  the  application  and  improvement 
of  this  machine  to  practical  engineers :  the  principles  on  which 
it;s  theory  depends  are  confessedly  intricate;  butwhen  judiciously 
constructed  it  is  Very  powerful  and  effective  in  its  operations : 
on. which  accounts  we  are  sorry  that  hitherto  it  has  not,  as  far 
as  we  recollect,  been  described  in  more  than  two  British  woi  ks, 
the  Trcmsactions  of  the  Society  of  Arts^  for  1776,  and  the  En-- 
cychpcedia  Britannica, 

11.  Desaguliers  describes,  in  the  second  volume  of  his  Expe- 
rimental Philosophy,  a  very  simple  contrivance  to  raise  water, 
which  is  this :  to  one  end  of  a  rope  is  fixed  a  large  bucket, 
having  a  valve  at  its  bottom,  opening  upwards:  to  the  other 
end  is  fastened  a  square  frame,  and  the  cord  is  made  to  pass 
over  two  pulleys,  each  of  about  1 5  inches  diameter  (and  fixed 
in  a  horizontal  plane),  in  such  manner  that  as  the  bucket 
descends  the  frame  ascends  with  equal  velocity,  and  vice  versa. 
The  frame  is  made  to  run  freely  upon  four  vertical  iron  guide- 
rods  passing  through  holes  at  its  four  corners ;  and  when  the 
bucket  is  filled  with  water  at  the  well,  the  frame  stands  at  the 
horizontal  plane  to  which  the  water  is  to  be  raised :  when  the 
bij^cket  is  full,  a  man  steps  upon  the  frame  (his  weight,  together 
with  that  of  the  frame,  exceeding  the  weight  of  the  vessel  and 


its  contained  water) :  this  gives  an  ascending  fiiotion  to  the 
bucket,  and  causes  the  valve  in  its  bottom  to  dose.  When  th6 
bucket  is  raised  to  the  proper  height  a  hook  fixed  there  catcher 
into  a  hasp  at  the  side  of  the  bucket,  turns  it  over,  and  causes  it 
to  empty  its  water  into  a  trough  which  conveys  it  where  it  is 
requirea :  at  this  time  the  man  and  the  descending  fradie  have 
arrived  at  a  platform  which  prevents  their  furtner  descent^ 
where  the  man  remains  till  he  finds  the  bucket  above  is  empty; 
when  he  steps  from  the  frame,  and  runs  up  a  flight  of  stairs  to 
the  place  from  which  he  descended :  the  bucket  in  the  mean 
while,  being  somewhat  heavier  tj^an  the  frame,  descends  to  the 
water,  and  raises  the  frame  to  its  original  position.  Thus  the 
work  is  continued,  the  man  being  at  rest  during  his  descent, 
and  labouring  in  the  ascent. 

Desaguliers  employed  in  this  kind  of  work  a  ^^  tavern 
drawer^'"''  who  weighed  1 60lbs.  whom  he  desired  to  go  up  and 
down  40  steps  of  6^  inches  each  (in  all  about  22  feet)  at  the 
same  rate  he  would  go  up  and  down  all  day.  He  went  up  and 
down  twice  in  a  minute:  so  that  allowing  the  bucket  with  a 
quarter  of  a  hogshead  in  it  to  weigh  140lbs.  he  is  able  to  raise 
it  up  through  22  feet  twice  in  a  minute :  this  Desaguliers  esti- 
mates as  equivalent  to  a  whole  hogshead  raised  1 1  feet  in  a 
minute;  and  rather  exceeds  what  he  has  assigned  as  a  maximum 
of  human  exertion. 

This  machine  is  in  many  cases  not  only  the  most  simple,  but 
the  best  that  can  be  devised ;  yet  it  is  one  that  without  due 
precautions  is  likely  to  be  a  very  bad  one.  The  frame  on 
which  the  man  steps  must  be  brought  up  to  its  place  again  by 
preponderancy  in  tne  machine  when  unloaded :  it  should  arrive 
precisely  at  the  same  time  with  the  man ;  but  it  may  arrive 
sooner  or  later.  If  sooner,  it  is  of  no  use,  and  wastes  power  in 
raising  a  counterpoise  which  is  needlessly  heavy,  or  in  fact  less 
water  is  elevated  than  the  man  is  able  to  elevate;  if  later^  there 
is  a  loss  of  time.  Hence  the  perfection  of  this  truly  simple 
machine  requires  the  judicious  combination  of  two  maximums, 
each  of  which  varies  in  a  ratio  compounded  of  two  other  ratios. 
It  wUl  not  be  diflBcult,  however,  to  adjust  the  proportions  of  the 
weight  of  the  bucket  and  that  of  the  frame:  for  if  b  denote  the 
weight  of  the  bucket,  f  that  of  the  frame,  and  (p  the  force 
necessary  to  overcome  the  friction  and  the  inertia  of  the  pulleys, 
g  denotmg  32^  feet,  t  the  time  occupied  in  walking  up  the 
steps,  and  s  the  space  ascended  or  descended,  then  must  b  and 
F  be  so  adjusted  as  to  satisfy  the  following  equation,  viz.  fS  = 
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12.  If  tber«  be  a  spring  affi>iding  but  a  somtt  qtuaiiity  of 
wftter^  or  haviag  but  a  small  fall,  it  is  possiUe  by  the  loss  of 
some  of  the  water  to  raise  the  rest  to  supply  a  gentleman's 
seat^  or  any  pkw^.  where  it  is  wanted ;  but  in  a  l^s  quantity 
than  what  runs  wast^  if  the  plaoe  to  which  the  water  is  to  bs 
raised  is  higher  than  the  spring,  or  reservoir  from  which  the 
water  &lls»  Schottus  looff  ago  contrived  an  engine  for  diis 
purpose:  bat  the  first  who  put  such  a  thing  in  execution 
was  Gironimo  Fmngio^  at  Rome,  in  1616;  and  the  first  in 
this  country  was  George  Gerves,  a  carpenter,  who,  in  the 
year  17^5,  erected  an  engine  called  the  Multiplying- wheel 
Bucket-engine,  at  the  seat  of  Sir  John  Chester,  at  Chicnley,  in 
Bud&inghamshire.  This  engine  was  much  approved  by  Sir 
Isaac  !Newton,  Dr.  Desaguliers,  and  Mr.  Beigbton,  and  was 
certainly  very  ingenious.  The  water  from  a  spriug  descended 
in  a  large  bucket  hangii^  by  a  cord  from  an  axle,  while  a 
smaller  quantity  was  raised  from  the  same  place  bv  a  cord 
hanging  from  a  wheel  on  the  same  axle:  a  fly  and  other  regu- 
lating apparatus  were  added,  to  make  the  engine  work  itself, 
which  it  did  for  many  years  without  being  out  of  order.  As 
a  whole,  however,  the  contrivance  is  complex ;  and  we  are  not 
aware  that  any  other  engines  of  the  same  kind  have  been 
erected.  A  description,  with  a  plate,  may  be  seen  in  Desagu- 
liers's  second  volume. 

Mr.  H.  Sarjeantj  of  Whitdiaven,  contrived  a  very  cheap 
engine  fi>r  raising  water,  for  which  the  Society  for  the  En- 
couragement of  Arts  awarded  him  a  silver  medal  in  the  year 
1801.  A  sketch  of  this  simple  invaation  is  given  in  fig.  2. 
pLXIX. 

This  engine  was  erected  at  Irton-hall,  which  is  situated  on 
an  ascent  df  60  or  6 1  feet  perpendicular  he^ht:  at  the  foot  of 
this  elevation,  about  140  yards  distant  from  the  ofiices,  there 
riiDS  a  small  stream  of  waier ;  and,  in  order  to  procure  a  con- 
stant supply  of  that  necessary  fluid,  the  object  was  to  raise  such 
stream  to  the  honse  for  culinary  and  domestic  uses.  With  this 
¥iew^  a  dam  was  formed  at  a  short  distance  above  the  current, 
so  as  to  canse  a  fall  of  about  four  feet:  the  water  was  then  con- 
ducted through  a  wooden  trough,  into  which  a  piece  of  leaden 
pipe,  two  inches  in  diameter,  was  inserted^  and  part  of  which  is 
delineated  at  a. 

The  stream  of  this  pipe  is  directed  in  such  a  manner  as  to 
mn  into  the  bucket  b,  when  the  latter  is  elevated ;  but,  as 
soon  as  it  begins  to  descend,  the  stream  passes  over  it,  and  &>ws 
progressively  to  supply  the  wooden  trough  or  well,  at  the  foot 
of  which  stands  the  forcingrpump  c,  being  three  inches  in 
diameter. 
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D  is  an  if  on  evlinder  attached  to  the  pttiQ(V4rod^  wbidi  ptss^g. 
through  it:  Buea  cylinder  is  filled  with  lead,  and  weighs  about 
240lb8.  This  power  works  the  pump,  and  forces*  the  water 
to  ascend  to  the  house  through  a  pipe  one  inch  in:  diameter, 
and  which  is  420  feet  in  length. 

At  £  is  fixed  a  cord,  which,  when  the  backet  approaches  to 
within  four  or  five  inches  of  its  lowest  prcnection,  extends,,  and 
opens  a  valve  ia  the  bottom  of  the  vessel  throUgh  which  the 
water  is  discharged. 

Au  engine  in  a  great  degree  similar  to  this  was  erected  some 
years  ago  by  the  late  James  Spedding,  esq.  for  a  lead  mine  near 
Keswick,  with  the  addition  of  a  smaller  backet  which  enpded 
itsdf  into  the  larger  near  the  beginning  of  its  descent,  without 
which  addition  it  was  founjd  that  the  beam  only  acquired  a 
libratory  motion,  without  making  a  full  and  efiPective  strdke. 

To  answer  this  purpose  in  a  more  simple  way,  Mr.  Sarjeant 
constructed  the  small  engine  in  such  manner  as  to  finish  its 
stroke  (speaking  of  the  bueket-end)  when  the  beam  comes  into 
a  horizontal  position,  or  a  little  below  it.  By  this  means  ihe 
lever  is  virtually  lengthened  in  its  descent  in  the  proportion  of 
the  radius  to  the  cosine,  of  about  thirty  degrees^  or  as  seven  to 
six  nearly,  and  consequently  its  power  is  increase  in  an  equal 
proportion* 

It  is  evident  that  the  opening  of  the  valve  might  have  been 
effected,  perhaps  better,  by  a  projecting  pin  at  the  bcrttom;  but 
Mr.  S.  chose  to  give  an  exact  description  of  the  engine  as  it 
stands.  It  has  now  been  some  years  in  use,  and  completely 
answers  the  purpose  intended. 

The  ^Eily  artificers  employed:,  except  the  plumber,  were  a 
country  blacksmith  and  carpenter;  and  the  whole  cost,  exchi^ 
sive  of  the  pump  and  pip^,  did  not  amount  to  5L 

In  a  letter,  dated  Whitehaven,  April,  28,  180 1,  Mr.  Sai^ant 
observes,  tbivt  the  pump  requires  abouteiditeen  gallons  of  water 
m  the  bucket  to  raise  the  counter-weight,  and  make  a  freJtt 
stroke  in  the  pump;  but  it  makes  three  strokes  in  a  minute, 
and  gives  about  hali  a  gallon  into  the  cistern  at  eadi  stroke. 
He  ^Ids,  ^^  I  speak  of  what  it  did  in  the  driest  part  of  lest  sum* 
mer;  when  it  supplied  a  brge  family,  together  wit|i  work* 
people^  &c.  with  water  for  all  purposes,  in  a  situation  where 
none  wais  to  be  had  before,  except  some  bad  water  from  a  com* 
mon  pump  which  has  been  since  removed.  But  the  above 
supply  being  more  than  sufficient,  the  machine  is  occasionally 
stopped  to  prevent  wear,  which  is  done  by  merely;  casting  off 
the  string  of  the  bucket  valve." 

13.  Mr.  Bet^amm  Dearbofn,  whose  simple  fire>engine  has 
already  been  mentioned,  has  contrived  a  hydraulic  engine 
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which  may  be  conTentently  added  to  a  common  pamp,  and 
thereby  renders  it  useful  in  further  elevating  water,  and  par- 
ticularly in  extinguishing  fires :  the  following  description  of 
his  apparatus  is  extracted  from  the  Memoirs  of  the  American 
Acaaemy, 

Plate  XIX.  fig.  7*  a,  b,  o,  n,  repres^its  a  pump,  the  form 
of  which  is  similar  to  that  of  the  pumps  commonly  employed 
on  shipboard. 

£,  the  spout. 

F,  a  stopper. 

D,  <^  a  piank*cap,  that  is  fitted  to  the  pump,  and  provided 
with  leather  on  its  lower  surface ;  being  secured  by  the  screws 
a,  6 :  in  the  centre  is  a  hole,  through  which  the  spear  of  the 
pump  passes,  and  round  which  a  leather  collar  is  made,  as  re- 
presented at  the  letter  c. 

g^  a  nut  for  the  screw  b. 

J\  a  square  piece  of  wood  that  is  nailed  across  one  end  of  the 

E lank-cap,  through  both  which  the  screw  a  is  introduced ;  a 
ole  is  made  through  such  piece  and  the  cap,  that  communicates 
with  the  bore  of  the  pump. 

G,  G,  a  wooden  tube  which  may  be  of  any  requisite  length, 
and  consist  of  any  number  of  joints :  it  is  made  square  at  the 
lower  extremity,  and  perforated  for  the  reception  of  the  cock; 
the  upper  end  being  made  with  a  nice  shoulder. 

^,  a  wooden  cock  that  opens  or  shuts  the  communication  be- 
tween the  pump  and  the  tube;  being  furnished  on  the  oppositex 
side  with  a  handle  and  with  a  lock,  in  case  it  should  be  found 
necessary. 

A,  ^,  are  two  ferules,  the  object  of  which  is  to  prevent  the 
tube  from  splitting. 

H,  H,  braces,  each  of  which  ought  to  be  crossed  over  another 
as  nearly  at  right  angles  as  possible. 

ti,  are  irons  in  form  of  a  staple,  which  surround  the  tube, 
and  pass  through  the  braces ;  their  ends  being  perforated  with 
holes  for  fore-locks. 

K,  L,  M,  N,  is  a  head  made  of  five  pieces  of  wood ;  Ar,  Z,  m,  n, 
a  square  piece,  in  the  lower  part  of  which  is  a  hole  for  the 
reception  of  the  extremity  of  the  tube,  and  which  piece  rests  on 
the  shoulder  o,  p ;  to  the  lower  end  of  this  head  is  nailed  a  piece 
of  leather,  with  a  hole  in  its  centre,  similar  to  that  made  in  the 
wood.  Another  piece  of  leather  of  the  same  form  is  placed  on 
the  top  of  the  tube,  and  between  both  is  a  circle  of  thin  plate- 
brass  ;  the  two  pieces  of  leather  and  the  brass  being  pressed 
between  the  lower  end  of  the  head  and  the  shoulder  of  the  tube. 
Their  edges  are  delineated  at  o,  p. 

K;  N,  and  L,  M,  are  the  edges  of  two  pieces  of  plank,  of  a 
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i^milar  width  with  the  head,  to  which  they  are  closely  nailed ; 
c«ch  being  provided  with  a  tenon,  that  passes  through  a  mor- 
tice in  the  end  of  the  piece  o,  p :  both  tenons  have  holes  for  a 
forelock  at  q. 

o,  p,  a  piece  of  plank  of  the  same  width  as  the  sides ;  the 
centre  of  wnich  is  perforated,  in  order  that  the  tube  may  pass 
tfaroufth ;  and  in  each  end  of  which  is  a  mortice  for  the  recep- 
tion of  the  tenons. 

N,  M,  a  cap. 

r^  r,  are  two  pieces  nailed  to  the  side  of  the  tube ;  the  Jower 
extremity  of  each  is  provided  with  a  truck,  with  a  view  to  lessen 
the  friction  of  the  head  in  its  horizontal  revolution* 

y,  y,  repi'esent  fore-locks,  the  design  of  which  is  to  fasten 
down  the  nead,  and  prevent  the  water  from  escaping  at  the 
joint  o,  p. 

Q,  E,  is  a  wooden  conductor ;  the  extremity  marked  with  the 
lett^  a  being  solid,  while  the  opposite  end,  b,  is  bored  with  a 
small  auger. 

s,  a  bolt  that  passes  through  the  conductor  and  head»  and  be- 
ing secured  on  the  back  witn  a  fore-lock  or  nut :  this  bolt  is 
rounded  near  the  head,  and  square  in  the  middle. 

ty  Uf  w^  Xy  represents  a  piece  of  iron  or  brass,  designed  to  pre- 
vent the  head  of  the  bolt  from  wearing  into  the  wood. 

s,  s,  are  ropes  for  the  direction  of  the  conductor. 

Fig.  8.  represents  the  head  without  such  conductor. 

a,  5,  r,  d,  is  a  thick  brass  plate,  the  centre  of  which  is  per- 
forated, so  as  to  admit  a  passage  to  impurities,  that  might  other- 
wise obstruct  the  conductor:  for  which  purpose  a  piece  of 
leather  is  nailed  under  it  to  the  head.  The  square  hole  in  the 
centre  is  adapted  to  the  size  of  the  bolt,  which  it  prevents  from 
turning.  The  conductor  has  a  hollow  cut  round  the  bolt  on 
the  inside,  of  the  same  size  as  the  circle  of  holes  in  the  brass : 
round  such  cavity  is  nailed,  on  the  face  of  the  conductor,  a  piece 
of  leather,  that  plays  on  the  margin  of  the  brass  plate  when  the 
conductor  is  in  motion. 

In  the  conclusion  of  his  Memoir,  Mr.  Dearborn  observes, 
that  he  has  raised  a  tube  of  30  feet  on  his  pump ;  and,  though 
the  severity  of  the  season  had  prevented  him  from  completing  it, 
so  that  one  person  only  could  work  at  the  brake,  yet  he  is 
enabled  to  throw  water  on  a  contiguous  building,  the  nearest 
part  of  which  is  37  feet  from  the  pump,  and  between  30  and 
40  feet  in  height. 

14.  The  Hydraulic  Ram^  invented  by  M.  Joseph  Montgol- 
fier,  is  a  machine  the  construction  of  which  is  founded  upon  the 
acceleration  of  the  velocity  of  a  liquid  mass  falling  in  a  tube, 
and  the  communication  of  that  motion  to  another  liquid  mas*^ 

VOL.  ir.  H 
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moving  with  a  less  velocity  than  the  forHier*     We  know  that  a 
heavy  body  falling  in  vacuo  runs  over  ISitt  feet  in  the  first  se* 
cond  ;  and  a  liquid  column  which  falls  in  an  unresisting  vertical 
tube  passes  over  the  same  space  in  the  same  time,  with  a  motion 
uniformly  accelerated :    supposing  this  tube  kept  constantly 
full,  and  considering  the  friction  of  the  particles  of  the  .fluid 
against  one  another,  and  against  th^  sides  of  the  tube,  the  mo- 
tion is  such,  that,  though  it  ceases  to  be  uniformly  accelerated, 
the  velocity  of  the  column,  at  first  nothing,  arrives  by  degrees 
at  its  maximum,  in  a  longer  or  shorter  time,  dependinff  on  the 
dimensions  and  form  of  the  tube ;  the  contained  fluid  haviqg 
acquired  a  certain  velocity,  there  results  a  certain  quantity  of 
motion ;  the  object  of  the  hydraulic  ram  is  to  communicate  a 
part  of  this  motion  to  the  mass  of  water  which  is  to  be  ele- 
vated. 

To  understand  the  construction  of  this  machine,  suppose  that 
an  orifice  is  made  through  the  pier  or  embankment  of  a  reser- 
voir of  either  standing  or  running  water,  at  the  depth  of  4>  or  5 
feet  below  the  surface  of  the  fluid,  such  orifice  receiving  one  end 
of  a  cylindrical  tube  about  20  or  24  feet  long,  the  tube  being 
formed  of  iron,  copper,  or  other  suitable  materials,  and  placed 
horizontally,  and  firmly  supported  through  its  whole  length  by 
timber  or  by  masonry.  To  the  end  of  this  tube  farthest  from 
the  reservoir  is  adapted  a  piece  of  iron  or  of  copper,  called  the 
lieadofthe  ram ;  it  has  two  orifices,  both  of  which  open  hori- 
zontally ;  the  sucker  of  one  of  these  doses  by  ascending^  that 
belonging  to  the  other  closes  by  descending :  these  valves  are 
guided  in  their  motions  by  rings  which  traverse  the  handles  at- 
tached to  their  centres.  The  orifice  which  has  the  ascending 
valve,  and  which  is  in  fact  the  remoter  orifice,  permits  the  water 
to  escape  freely :  the  other  is  covered  by  a  kind  of  towe^, 
which  serves  as  an  air-vessel,  and  is  perced  on  one  side  by  a 
hole  to  which  a  tube  is  adapted  that  is  elevated  to  the  height 
to  which  it  is  proposed  to  raise  the  waiter.  See  also  Id,  pi, 
XXXVIII. 

To  understand  the  action  of  the  machine,  let  it  be  consadered 
that  when  the  remoter  orifice  is  open,  the  water  which  njias 
along  the  horiz<H)tal  tube  will  escape  with  a  velocity  which  will 
continue  to  increase  until  the  impression^  of  the  stream  raises 
the  valve  and  closes  the  orifice :  hence  the  moti<»)  <:^  all  the 
water  in  the  tube  is  suddenly  stopped,  and  the  vis  viva  acquired 
exerts  itself  on  all  parts  of  the  tube,  and  coii^eqaently  on  the 
rising  valve,  which  giving  way  permits  the  wal^r  to  escape 
through  it  into  the  vessel  above :  the  force  existing  in  the  cy- 
linder being  thus  employed,  the  pressure  to  which  the  valve 
yielded  becomes  annihilated,  and  the  sucker  redescends,  closing 
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its  orifice :  the  velocity  of  the  water  in  the  horizontal  tube  being 
thua  destroyed,  the  remoter  orifice  again  permits  the  water  to 
escape  through  it,  and  the  same  operations  are  repeated  so  long 
as  there  is  a  proper  supply  of  water.  Thus  it  will  be  seen  that 
every  time  the  valve  closes  the  remoter  orifice,  a  portion  of  the 
moving  water  passes  into  the  £ur-vessel  above  the  other  valve ; 
there  will  soon  be  a  sufficient  quantity  to  cover  the  inferior  ex- 
tremity of  the  ascending  tube,  and  then  the  air  which  is  above 
the  water  in  the  air*vessel,  having  no  communication  with  the 
atmosphere,  will  be  compressed  if  the  machine  cohtinue  to  act, 
and  its  expansive  force  increasing  with  the  compression,  will 
compel  the  water  to  move  up  the  ascending  pipe ;  though  al- 
ways in  a  quantity  inversely  proportional  to  the  altitude  to  which 
it  IS  to  be  raised. 

Every  time  the  remoter  or  discharging  sucker  shuts,  a  report 
is  heard  similar  to  that  of  the  stroke  ot  a  hammer,  and  which 
furnishes  a  mean  of  knowing  how  often  it  is  closed  in  a  given 
time. 

We  have  only  spoken  of  one  kind  of  ram ;  but  the  same  prin- 
ciples are  susceptible  of  a  very  extensive  application :  thus,  it 
would  be  easy  to  raise  other  water  besides  that  which  runsthrough 
the  ram ;  as,  for  example,  with  a  fall  of  water,  we  might  by  a 
slight  modification  of  this  machine  raise  water  from  the  bottom 
of  wells  or  of  mines. 

To  judge  of  the  merit  of  a  hydraulic  machme  we  mui^  con- 
sider its  produce,  the  expense  of  its  erection,  and  that  of  keeping 
it  in  repair.  Now  in  every  hydraulic  machine  the  force  ex- 
pended IS  the  product  of  the  water  which  comes  from  its  source 
multiplied  by  the  h^ght  it  falls  through  before  it  acts  on  the 
machine ;  the  produce  being  the  product  of  the  quantity  of 
water  ndsed  in  the  same  time,  multiplied  by  the  height  to  which 
it  is  elevated.  Now,  in  an  experiment  made  upon  the  ram 
erected  at  the  Polytechnic  School,  it  appeared  that  the  expense 
was  to  the  produce  as  100 :  45.  For,  the  height  of  the  fall  is  1 
metre  8S,  that  of  the  ascending  pipe  II  m.  66,  the  tube  of  the 
vertical  or  active  column  *054«  m.  in  diameter,  being  fixed  at  th^ 
bottom  of  an  oval-shaped  vessel ;  the  horizontal  or  passive  co- 
lumn, also  '064  m.  in  diam. ;  the  ascending  tube  of  tin  •002  m. 
interior  diam.  and  11  m.  66  elevation ;  the  total  length  82  m. 
66.  The  discbar^ng  valve  closed  from  40  to  42  times  in  a  mi^ 
nute.  The  water  which  fell  in  10  minutes  was  498  7  litres ; 
that  which  was  rinsed  up  the  ascending  tube  in  the  same  time 
51*8 ;  from  which  data  flows  the  ratio  just  stated. 

In  another  hydrauUc  ram  placed  in  M.  Montgolfier's  garden 
(Rue  des  Juifs,  No.  122),  the  fall  which  was  procured  arti- 
ficially was  7  J  feet ;  the  height  to  which  the  water  was  raised, 
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60  feet ;  the  diameter  of  the  tubes  2  inches  ;  the  water  ex- 

E ended  in  4  minutes  was  815  litres,  that  elevated  30 litres; 
ence  the  expense  or  force  employed  is  7^  x  816  =:  2S6S ; 
the  useful  force  60  x  30  =  1500 ;  and  these  are  in  the  ratio  of 
100 :  64. 

In  an  experiment  made  upon  a  ram  at  Avilly,  near  Senlis^  by 
M.  Turquet,  bleacher,  the  expeuse  was  found  to  be  to  the  pro- 
duce as  100 :  62.  In  an  experiment  on  a  fourth  machine,  in 
which  the  passive  column  was  10  m.  4  in  length,  and  the  height 
of  the  ascending  pipe  nearly  7  times  that  of  the  head  of  water, 
the  dischar^ng  valve  closed  104  times  in  a  minute,  and  the  ex- 
pense was  to  the  produce  as  100 :  67.  Taking  the  mean  of 
these  experiments,  the  expense  will  be  to  the  produce  as  100: 67, 
so  that  a  hydraulic  ram  placed  not  in  unfavourable  circum- 
stances, and  executed  with  care,  may  be  said  to  employ  usefully 
at  least  half  its  force. 

One  of  our  most  simple  engines  for  purposes  similar  to  those 
in  which  the  ram  could  be  applied  is  Sarjeant's  bucket  engine 
(see  No.  12  of  the  present  article),  in  which  the  expense  is  to  the 
produce  nearly  as  100  to  42,  a  ratio  not  much  inferior  to  that 
of  the  ram  at  the  Polytechnic  School.  But  the  machine  most 
analogous  to  M.  Montgolfier's  in  principle,  next  to  that  by  Mr. 
Boulton,  is  the  hydraulic  engine  at  Chemnitz :  in  which  the  ex- 
pense is  66  feet  of  water  falling  186  feet,  in  the  same  time  that 
the  produce  or  performance  is  82  feet  raised  96 ;  they  are  there- 
fore in  the  proportion  of  66  x  136  tp32  x  96,  or  nearly  as 
100 :  84.  Even  this  is  superior  to  the  performance  of  the  most 
perfect  undershot  mill,  and  might  certainly  be  considerably  in- 
creased, by  ^ving  more  favourable  proportions  to  the  feeding 
and  discharmng  pipe  than  in  the  existing  machine.  And  if,  in 
addition  to  this,  the  m^eniousapparatus  of  Mr.  Boswell,  enabling 
the  machine  to  work  itself,  be  appropriated  skilfully  to  such  a 

funeral  contrivance,  it  will  douotless  be  as  favourable  as  the 
ydraulic  ram.  M.  Montgolfier  suggests  the  utility  of  his  in- 
vention  in  the  draining  of  mines :  and  in  that  case,  tne  hydrau- 
lic ram,  and  the  Hungarian  machine,  would  become  neai*ly,  if 
not  altogether,  identical  as  to  the  principle. 

16.  The  DanaidCy  a  new  hydraulic  machine,  invented  by  M. 
Mannoury  Dectot,  is  thus  described  by  MM.  Perier,  Prony, 
and  Carnot,  in  their  Report  to  the  French  Institute. 

The  model  by  which  this  mechanist  exhibited  hisexperiments 
consists  principally  of  a  trough,  the  bottom  of  which  has*ahole 
in  its  centre :  it  is  cylindrical,  nearly  as  high  as  it  is  broad,  and 
made  of  tin-plate.  It  is  fixed  to  a  vertical  axis  of  iron,  which 
passes  through  the  middle  of  the  hole  in  the  bottom,  leaving  a 
vacant  space  all  round,  through  which  water  escapes  as  it  flows 
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into  the  ttough  {from  above) :  this  axis  turns^  with  the  trough^ 
upon  a  pivot,  and  is  fixed  above  to  a  collar. 

The  object  of  the  inventor  was  that  the  water  flowing  into 
the  trough  from  above,  with  a  certain  Quantity  of  vis  vrnje, 
should  communicate  the  whole  of  it  to  the  solid  parts  of  the 
machine,  so  as  to  be  employed  afterwards  in  producing  some 
useful  effect ;  always  excepting  the  small  quantity  of  force  ne- 
cessary to  enable  the  water  to  escape  by  the  orifice  below.  This 
object  he  thus  obtains. 

Within  the  trough  there  is  affixed  to  the  axis  a  drum,  like- 
wise  of  tin-plate,  concentric  with  the  trough,  and  close  above  and 
below.  Tliis  drum,  which  turns  round  with  the  trough,  occu- 
pies nearly  the  whole  of  its  capacity ;  the  space  between  the 
two  not  exceeding  an  inch  and  a  half.  A  similar  space  exists 
also  between  the  bottom  of  the  trough  and  the  drum  ;  it  is  how- 
ever less  than  the  former,  and  is  divided  into  several  compart- 
ments by  diaphragms  proceeding  from  the  circumference  to  the 
central  hole  m  the  bottom  of  the  trough*  l4iese  diaphragms 
do  not  exist  between  the  sides  of  the  drum  and  the  trough,  and 
the  compartments  at  the  bottom  communicate  with  this  annu- 
lar space. 

The  water,  which  comes  from  a  reservoir  above  by  one  or 
two  pipes,  makes  its  way  into  this  annular  space  between  the 
drum  and  the  trough.  The  bottoms  of  these  pipes  correspond 
with  the  level  of  tlie  water  in  the  trough,  and  they  are  directed 
horizontally,  as  tangents  to  the  mean  circumference  between 
that  of  the  trough  and  of  the  drum.  The  force  which  the  water 
has  acquired  by  its  fall  along  the  ppes  causes  the  machine  to 
move  round  its  axis ;  and  this  motion  gradually  accelerates  till 
the  velocity  of  the  water  in  the  space  between  the  trough  and 
the  drum  equals  that  of  the  water  from  the  reservoir :  so  that 
the  shock  of  the  water  from  above  upon  that  of  the  machine 
becomes  impercepdble. 

Now  this  circular  motion  communicates  to  the  water  between 
the  trough  and  the  drum  a  centrifugal  force,  in  consequence  of 
which  ii  presses  against  the  sides  of  the  trough.  The  centri- 
fugal force  acts  equally  upon  the  water  contained  in  the  com- 
partments at  the  bottom  of  the  trough,  but  obviously  less  and 
less  as  the  water  approaches  the  centre.  The  whole  water, 
then,  is  actuated  by  two  forces  which  oppose  each  other;  namely^ 
gravity  and  the  centrifugal  force.  Tne  first  tends  to  make  the 
water  run  out  at  the  orim^e  at  the  bottom  of  the  trough  ;  the  se- 
cond tends  to  drive  the  water  from  that  hole.  To  these  two 
forces  are  joined  a  third,  namely,j^c^ion,  which  here  acts  an 
important  and  singular  part,  ance  it  promotes  the  efficacy  of 
the  machine,  while  in  otner  machines  it  always  diminishes  that 
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efBcacy.  Here,  on  the  contrary^  the  effect  would  be  nothing 
were  it  not  for  the  fricUon,  which  acts  in  a  tangent  to  the  sides 
of  the  trough  and  drum. 

By  the  combination  of  these  three  forces  there  must  result  a 
more  or  less  rapid  flow  from  the  orifice  at  the  bottom  of  the 
trough  ;  and  the  less  force  the  water  has  as  it  escapes,  the  more 
it  will  have  employed  in  moving  the  machine,  and  consequently 
in  producing  the  useful  effect  ror  which  it  is  destined. 

The  movmg  power  is  the  weight  of  the  water  running  in, 
multiplied  by  the  height  of  the  reservoir  from  which  it  flows 
above  the  bottom  of  the  trough  :  and  the  useful  effect  is  the 
same  product  diminished  by  half  the  force  which  the  water  re- 
tains when  it  issues  from  the  orifice  below. 

The  Reporters  endeavoured  to  ascertain  by  direct  experiment 
the  amount  of  this  useful  effect.  They  fixed  a  cord  to  the  axis 
of  the  machine,  which,  by  means  of  pulleys  properly  placed, 
raised  a  weight  as  the  machine  turned  round.  The  result  of 
repeated  experiments  was,  that  the  effect  produced  amounted 
to  ^  and  sometimes  to  -^^  of  the  moving  cause ;  an  effect 
which  surpasses  that  of  the  best  machines  known. 

16.  HARRIOT'S  ENGINE,  for  Raising  and  Lowering 
Weights,  &c.  by  the  Action  of  a  Column  of  Water. 

A  A,  in  fig.  1  and  2,  pi.  XLIII.  is  a  cylinder  with  a  moving 
piston  therein,  of  which  d  is  the  piston  rod. 

B  and  c  are  water  ways,  throu^  which  the  water  is  admitted 
to  communicate  with  both  sides  of  the  piston. 

E  F,  a  pipe  in  fig,  1,  through  which  water  descends  from  a 
reservoir  above,  into  a  three-way  cock  m,  and  in  fig.  2  is  a 
pipe  through  which  any  stream  or  head  of  water  runs  to  the 
three-way  valve  in  the  cistern  m. 

c  H  is  a  pipe  in  both,  communicating  from  the  three-way 
cock,  or  valve,  to  the  upper  part  of  the  cylinder. 

K  B  is  a  pipe  communicating  from  the  same  cock,  or  valve, 
to  the  lower  part  of  the  cylinder. 

I  I  is  a  pipe,  communicating  between  the  two  last  m^iitioned 
pipes,  consequently  between  Uie  upper  and  lower  spaces  of  the 
cylinder,  which  communicatk>n  can  be  either  cut  off  or  opened 
to  an^  requisite  degree  by  the  cock  l. 

N  IS  a  pipe  in  which  a  lower  column  of  water  is  suspended  hy 
the  reaction  of  the  atmosphere,  and  consequently  a  power  to 
the  upper  column  or  fall,  in  proportion  to  its  length  or  depth, 
not  exceeding  the  weight  of  the  atmosphere. 

Remarks* — The  nature  and  principle  of  tlie  syphon  engine 
consists  in  combining  the  power  of  the  syphon  witn  the  direct 
pressure  of  a  column  or  stream  of  waterj  so  that  they  may  act 
together.     It  works  by  means  of  the  syphon  constantly  acting 
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in  concert  with  the  feedidg  stream  of  wMer,  bo  that  €ach  alter- 
nately acts  on  the  upper  diid  lower  part  of  a  piston,  within  a 
cylinder  as  it  were,  reversing  the  syphon  at  each  change ;  and 
the  power  is  equal  to  a  column  of  water  of  the  same  diameter 
as  tnat  of  the  cylinder,  and  6qual  in  length  to  the  height  of 
the  head,  above  the  tail  water.  For  instance,  if  a  column  of 
water  of  any  given  diameter  has  a  fall  of  ^  feet  until  it  reaches 
an  engine,  its  power  is  clearly  ascertained.  Now,  whatever 
that  power  is,  if  a  syphon  pipe  be  added  to  this  engine,  s6  as  td 
connect  with  the  column,  and  the  syphon  pipe  had  also  a  fall  of 
an  equal  lengtli,  namely,  ^  feet  to  the  lower  end,  which  is 
immersed  in  water,  the  engine,  although  placed  in  the  midway, 
will  then  have  a  power  equal  to  that  of  a  descending  column  of 
40  feet ;  and  should  the  column  or  fall  to  the  engine  be  but  S 
feet,  and  the  lower  syphon  pipe  24  feet,  the  power  would  be 
equal  to  a  fall  of  26  f^et ;  and  in  this  manner  m  various  diver- 
aty  between  the  falling  column  and  the  syphon  pipe  beneath, 
the  latter  will  produce  an  equal  power  according  to  its  prbpor- 
tionate  length,  or  depth,  to  the  surface  of  the  tail  water,  pro- 
vided it  does  not  exceed  above  30  feet,  or  the  weight  of  the  at- 
mosphere ;  and  where  a  stream  of  water  h  either  level  with,  or 
even  below,  the  place  at  which  it  is  desirable  to  fix  the  engine, 
there  will  be  no  difficulty  in  placing  it  either  below,  or  on  the 
level,  or  above  the  stream  itself,  provided  the  height  it  is  fixed 
above  does  not  exceed  28  or  80  feet,  and  the  place  where  the 
water  flows  off  be  still  lower.  The  construction  may  evidently 
be  varied  according  to  the  local  situation  and  circumstances  of 
applying  it,  and  the  use  to  which  it  may  be  adapted,  in  giving 
activity  to  different  kinds  of  machinery. 

The  drawing,  fig*  1,  exhibits  the  apparatus  for  raising  or 
lowering  weights  of  any  kind,  on  wharfs  or  in  warehouses.  A 
man  or  boy  can  raise  or  lower  goods  of  any  weight,  without  other 
exertion  than  that  of  merely  turning  the  three-way  cock  m  to 
an  index  ;  in  either  raising  or  lowering,  the  siop  is  instantaneous, 
by  a  small  motion,  or  turning  the  cock  to  the  stop  mark  in  the 
index ;  this  most  effectual  of  stops,  or  gripe,  operates  so  quietly 
and  easily  without  any  jerk  or  jarring,  that  it  removes  the  usual 
risk  attending  common  cranes  or  machinery,  in  which  men  are 
sometimes  overpowered.  It  raises  and  lowers  goods  with  thrice 
the  velocity  tmually  produced  by  manual  labour ;  yet  an  engine 
0f  diitiensions  suifident  to  raise  several  tons  may  be  so  graduated 
by  the  person  at  the  cock,  to  to  bring  it  to  the  smoothest  slowest 
motion  t)OSAbIe.  The  saving  of  labour  and  time  must  therefore 
be  considerable,  the  risk  of  plunder  diminished,  and  delays  in 
(Setting  to  work  for  want  of  help  removed^ 

The  gteat  obfttaci^  to  the  use  of  the  syphon  engine,  and  this 
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was  stated  by  its  inventor,  is  the  want  of  a  head  of  water  in 
most  places  where  the  engine  could  be  used  to  greatest  advan- 
tage ;  but  so  conscious  was  he  of  the  advantages  of  his  invention 
for  raising  goods  to  warehouses  and  granaries^hat  he  proposed 
raising  water  by  other  means  into  a  reservoir  at  the  top  of  the 
warehouse,  to  be  used  afterwards  in  raising  the  goods.  This 
obstacle  appeara  hitherto  to  have  prevented  any  attempt  to  put 
Mr.  Harriot's  engine  to  any  practical  use ;  but  in  Glasgow, 
where  water  is  raised  to  the  top  of  the  very  highest  house  in  the 
city,  we  think  the  syphon  engine  might  be  used  for  many  useful 
purposes,  and  might  save  a  great  deal  of  human  labour.  It 
might  be  used  very  advantageously  at  the  Broomielaw,  for  rais- 
ing and  lowering  goods  from  and  to  the  vessels,  when  they  are 
loading  and  unloading. 

The  drawing,  fig.  2,  shows  how  the  syphon  engine  is  to  be 
applied  to  streams  of  water ;  the  advantages  of  which  are,  that 
the  engine,  as  well  as  the  mill  work,  or  manufacturing  machinery 
it  may  drive,  may  be  placed  where  most  convenient,  above  or 
below  the  head  or  stream,  to  be  worked  by  a  fall  of  water  from 
the  least  to  the  greatest  height,  or  by  any  stream  or  river,  the 
tail  water  below  acting  and  having  as  much  power  as  the  head, 
answering  to  the  height  of  either. — (Glasgow  Mech,  Mag.)  - 

HYDROMETERS.     See  vol.  I.  arts.  401,  409. 
HYGROMETER,  or  hygroscope,  or  notiometer,  an 
instrument  contrived  to  measure  the  humidity  of  the  air. 

The  instruments  hitherto  invented  for  this  purpose  have  not 
been  attended  with  that  accuracy  which  there  was  reason  to  ex- 
pect and  to  hope  for.-  We  have  hygrometers,  it  is  true,  which 
mdicate  that  the  air  has  been  more  or  less  moist ;  but  they  have 
often  this  fault,  that  they  indicate  a  greater  degree  of  moisture 
than  really  exists  in  the  atmosphere :  besides,  they  are  not  com- 
parable; that  is  to  say,  it  is  not  possible  by  their  means  to  com*- 
pare  the  moisture  of  one  day,  or  of  one  place,  with  that  of  an- 
other. It  may  not,  however,  be  improper  to  describe  a  few  of 
the  contrivances  of  this  kind,  if  it  be  only  that  their  utility  may 
be  examined. 

1.  As  fir  wood  is  very  susceptible  of  participating  in  the  dry- 
ness and  mpis^yHre  of  the  atmosphere,  some  have  conceived  the 
idea  of  applying  this  property  to  the  construction  of  an  hygro- 
meter.  For  this  purpose,  a  small,  very  thin  fir  board,  is  placed 
9^1068  between  (wo  vertical  immoveable  pillars,  so  that  the  fibres 
^jtaod  in  a  horizontal  direction ;  for  it  is  m  the  lateral  direction, 
or  that  transversal  to  its  fibres,  that  fir  and  other  kinds  of  wood 
are  extended  by  moisture.  The  upper  edge  of  the  board  ought 
to  have  a  small  rack,  fitted  into  a  pinion,  connected  with  n 
irheel^  and  the  latter  with  another  wheel,  having  on  its  axis  an 
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indei:.  It  may  be  easily  perceived,  that  by  these  means  the  least 
motioD  communicated  by  the  upper  edge  of  the  board  to  the 
rack,  by  its  rising  or  falling,  will  be  indicated  in  a  very  sen^ble 
manner  by  the  i^dex ;  consequently,  if  the  motion  of  the  index 
be  regulated  in  such  a  manner,  that  from  extreme  dryness  to 
extreme  moisture  it  may  make  a  complete  revolution,  the  divi^ 
sions  of  this  circle  will  indicate  how  much  the  present  state  of 
the  atmosphere  is  distant  from  either  of  these  extremes. 

This  invention  is  ingenious,  but  it  is  not  sufficient.  The 
wood  retains  its  moisture  a  long  time  after  the  air  has  lost  that 
with  which  it  was  charged ;  besides,  the  board  gradually  be- 
comes less  sensible  to  the  impressions  of  the  air,  and  therefore 
produces  little  or  no  effect. 

2.  Suspend  a  small  circular  plate  by  a  fine  string,  or  piece  of 
catgut,  fastened  to  its  centre  of  gravity,  and  let  the  other  end  of 
the  string  be  attached  to  a  hook.  According  as  the  air  is  more 
or  less  moist,  you  will  see  the  small  plate  turn  round  in  one  di- 
rection or  in  another. 

The  hygrometers  commonly  sold  are  constructed  on  this 
principle.  They  consist  of  a  kind  of  box,  the  fore  part  of 
which  represents  a  building  with  two  doors.  On  one  side  of 
the  metal  plate  which  turns  round,  stands  the  figure  of  a  man 
with  an  umbrella,  to  defend  him  from  the  rain,  and  on  the 
other  a  woman  with  a  fan.  The  appearance  of  the  former  of 
these  figures  indicates  damp,  and  that  of  the  other  dry  weath^. 
This  pretended  hygrometer  can  serve  for  no  other  purpose  than 
to  amuse  children ;  for  the  philosopher  must  observe  that,  as  the 
variations  of  humidity  are  transmitted  to  this  instrument  only  by 
degrees,  it  will  indicate  moisture  or  drought  when  the  state  of 
the  atmosphere  is  (juite  contrary. 

3.  Some  have  tned  to  construct  an  hygrometer,  by  making 
fast  a  piece  of  catgut  at  one  extremity,  winding  it  fa!ackwards 
and  forwards  over  difierent  pulleys,  and  suspending  from  its 
other  extremity^a  small  weight,  behind  which  is  placed  a 
graduated  scale.  Others  dispose  the  extremity  of  the  cat- 
gut in  such  a  manner,  as  to  cause  it  to  move  an  index  round 
a  gpraduated  plate,  the  difTerent  d^rees  of  which  indicate  the 
dryness  or  moisture  of  the  atmosphere.  This  instrument, 
however,  is  subject  to  the  same  inconveniences  as  that  before 
mentioned. 

4.  Put  into  one  scale  of  a  balance  any  salt  that  attracts  the 
moisture  of  the  air,  and  into  the  other  a  w^ght,  in  exact  equi- 
librium with  it.  The  scale  oontaming  the  salt  will  sink  down 
during  damp  weather,  and  thereby  indicate  that  such  is  the 
state  of  the  atmosphere.  An  index,  to  determine  the  different 
degrees  of  droij^bt  or  moisture,  may  be  easily  adapted  to  it. 
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This  instrument  howerer  is  worse  than  any  of  the  rest ; 
for  a  salt  immersed  in  moist  air  becomes  charged  with  a  great 
deal  of  humidity,  but  loses  it  very  slowly  when  the  air  becomeft 
dry :  fixed  alkali  of  tartar  even  imbibes  moisture  till  it  falls 
in  deliquium^  that  is  to  say,  till  it  is  reduced  to  a  liquid  or  fluid 
state. 

5.  Music  may  be  employed  to  indicate  the  dryness  or  moisture 
of  the  air.  The  sound  of  a  flute  is  higher  during  dry  than  during 
moist  weather,  and  the  string  of  a  violin  exhibits  the  same  phe- 
nomenon ;  but  neither  of  these  can  show  the  immediate  state  of 
the  air  in  regard  to  dryness  or  humidity. 

6.  M.  De  Luc^s  contrivance  for  an  hygrometer  is  on  this 
principle.  Finding  that  even  ivory  swells  with  moisture,  and 
contracts  with  dryness,  he  made  a  small  and  very  thin  hollow 
cylinder  of  ivory,  open  only  at  the  upper  end,  into  which  is  fitted 
the  under  or  open  end  of  a  very  fine  long  glass  tube,  like  that  of 
a  thermometer.  Into  these  is  introducea  some  quicksilver,  fill- 
ing the  ivory  cylinder,  and  a  small  part  of  the  length  up  the 
fflass  tube.  The  consequence  is  this:  when  raK>isture  swells  the 
ivory  cylinder,  its  bore  or  capacity  grows  larger,  and  conse* 
quently  the  mercury  sinks  in  the  fine  glass  tube ;  and,  vice 
versa,  when  the  air  is  drier,  the  ivory  contracts,  and  forces  the 
mercury  higher  up  the  tube  of  glass.  It  is  evident  that  an  in- 
strument thus  constructed  is  in  fact  also  a  thermometer,  and 
must  necessarily  be  affected  by  the  vicisritudes  of  heat  and  cold, 
as  well  as  by  those  of  dryness  and  nunsture ;  or  that  it  must 
act  as  a  thermometer  as  well  as  an  hygrometer.  The  oon-* 
trivances  in  the  structure  and  mounting  of  this  instrument  are 
described  in  the  Philos.  Trans*  vol.  OB,  art.  38;  where  it  may 
be  seen  how  the  above  imperfection  is  corrected  by  some  sim- 
ple and  ingenioufl  expedients,  employed  in  the  original  con- 
strnetion  and  subsequent  use  of  the  instrument ;  in  consequence 
of  which,  the  variations  in  the  temperature  of  the  air,  tnough 
they  produce  their  iiill  eflects  on  tne  instrument  as  a  thennp^ 
meter,  do  not  interfere  with  or  embarrass  its  indications  as  an 
hygrometer. 

7.  In  the  Philos.  Trans,  for  1791,  M.  De  Luc  has  giren  a 
second  paper  on  hygrometry.  This  has  been  chiefly  occasioned 
by  a  Memoir  of  M.  De  Saussure  on  the  same  subject,  entitled 
Essus  sur  I'Hygrometrie,  in  4to,  1 783.  In  this  work  M.  De  9. 
describes  a  new  hygrometer  of  his  construction,  on  the  follow- 
ing principle.  It  is  a  known  fact,  that  a  hair  will  stretch  when 
it  IS  moistened,  and  contract  when  dried  t  and  M.  De  Saussure 
found,  by  repeated  experiments,  that  the  difi^rence  between 
the  greatest  extension  and  contraction,  when  the  hair  is  pro* 
perly  prepared,  and  has  a  weight  of  about  3  grains  suspended 
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by  it,  ift  nearly  one  40th  of  its  whole  length,  or  one  inch  in  40. 
This  circumstance  suggested  the  idea  of  a  new  hygrometer. 
To  render  these  small  variations  of  the  length  of  the  hair  per- 
ceptible, an  apparatus  was  contrived,  in  which  one  of  the  ex- 
tremities of  the  hair  is  fixed,  and  the  other^  bearing  the  coun- 
terpoise above  mentioned,  surrounds  the  circumference  of  a  cy- 
linder, which  turns  upon  an  axis  to  which  a  hand  is  adapted, 
marking  upon  a  dial  in  large  divisions  the  almost  insensible  mo- 
tion of  this  axis.  About  12  inches  high  is  recommended  as  the 
most  convenient  and  useful :  and  to  render  them  portable,  a 
contrivance  is  added,  by  which  the  hand  and  the  counterpoise 
can  be  occasionally  fixed. 

But  M.  Dq  Luc,  in  his  Id^es  sur  la  Meteorologie,  vol.  i. 
smno  1786,  shows  that  hairs,  and  all  the  other  animal  or  vege- 
table hygroscopic  substances,  taken  lengthwise,  or  in  the  direc- 
tion of  their  fiores,  undergo  contrary  changes  from  different  va- 
riations of  humidity;  that  when  immersed  in  water,  they  lengthen 
at  first,  andafterwards  shorten ;  that  when  they  are  nearthe  great- 
est degree  of  humidity,  if  the  moisture  be  increased,  they  short^i 
themselves ;  if  it  be  diminished,  they  lengthen  themselves  first 
before  they  contract  again.  These  irregularities,  which  render 
them  incapable  of  being  true  measures  of  humidity,  he  shows 
to  be  the  necessary  consequence  of  their  organic  reticular  struc- 
ture. De  Saussure  takes  his  point  of  extreme  moisture  from 
the  vapours  of  waiter  under  a  glass  bell,  keeping  the  sides  of 
the  bell  continually  moistened ;  and  affirms,  that  the  humidity 
is  there  constantly  the  same  in  all  temperatures  3  the  vmours 
even  of  boiling  water  having  no  other  dfect  than  those  of  cold. 
De  Luc,  on  the  contrary,  shows  that  the  differences  in  humidity 
under  the  bell  are  very  great,  though  De  Saussure's  hygrometer 
was  not  capable  of  diseovering  them ;  and  that  the  real  unde- 
composed  vapour  of  boiling  water  has  the  directly  opposite 
effect  to  that  of  cold,  the  effect  of  extreme  dryness :  and  on  this 
point  he  mentions  an  interesting  fiujt,  communicated  to  him  by 
Mr.  Watt,  viz.  that  wood  cannot  be  employed  in  the  steam- 
engine  for  any  of  those  parts  where  the  vapour  of  the  brnhn^ 
vmtet  is  confined,  because  it  dries  so  as  to  craek  as  if  exposed 
to  the  fire. 

To  these  charges  of  M.  De  Luc,  a  reply  is  made  by  M.  De 
Saussure,  in  his  Defence  of  the  Hair  Hygrometer,  m  1788; 
where  he  attributes  the  general  disagreement  betwe^  the  two 
instruments  to  irregularities  of  M.  De  Luc's  ;  and  asfflgns  some 
aberrations  of  his  own  hygrometer,  which  could  not  haTe  pro* 
ceeded  from  the  above  cause,  but  to  its  having  been  oat  of 
order,  &e. 

This  has  drawn  from  M.  De  Luc  a  second  paper  on  bygn>- 
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metry,  published  in  the  Philos.  Trans,  for  IT^ly  p*  !•  and  389. 
This  author  here  resumes  the  four  fundamental  principles  which 
he  had  sketched  out  in  the  former  paper,  viz.  1st,  That  fire  is 
a  sure,  and  the  only  sure,  means  of  obtaining  extreme  dryness. 
2d,  That  water,  in  its  liquid  state,  is  a  sure,  and  the  only  sure, 
means  of  determining  the  point  of  extreme  moisture.  3d,  There 
is  no  reason,  d  priori,  to  expect  from  any  hy^oscopic  sub* 
stance,  that  the  measurable  effects  produced  in  it  by  moisture 
are  proportional  to  tlie  intensities  ot  that  cause.  But  4th,  per- 
haps  the  comparative  changes  of  the  dimensions  of  a  substance, 
and  of  the  weight  of  the  same  or  other  substances,  by  the  same 
variations  of  moisture,  may  lead  to  some  discovery  in  that  re- 
spect. On  these  heads  M.  De  Luc  expatiates  at  large  in  this 
paper,  showing  the  imperfections  of  M.  De  Saussure^s  principles 
of  bygrometry,and  particularlyas  to  a  hair,  or  any  such  substance 
when  extended  lengthwise,  being  properly  used  as  an  hygrome- 
ter. On  the  other  tiand,  he  shows  that  the  expansion  of  sub- 
stances across  the  fibres,  or  grain,  renders  them,  in  that  respect, 
by  far  the  most  proper  for  this  purpose.  He  chooses  such  as 
can  be  made  very  thin,  as  ivory  or  deal  shavings,  but  he  prefers . 
whalebone,  as  far  the  best. 

The  preceding  general  description  of  the  principal  hygrome- 
ters will,  we  trust,  be  suiBcient  to  show  that  great  imperfection 
and  UBcert^nty  attends  the  use  of  any  of  them ;  and,  at  the  same 
time,  to  justify  us  in  not  entering  more  into  detail  respecting 
the  construction  of  these  instruments. 

JACK,  an  instrument  in  common  use  for  raising  heavy  tim- 
ber, or  very  great  weights  of  any  kind ;  being  a  powerful  com- 
bination of  teeth  and  pinions,  and  the  whole  inclosed  in  a  strong 
wooden  stock  or  frame  bc,  and  moved  by  a  winch  or  handle  hp  ; 
the  outside  appearing  as  in  fig.  5.  pi.  VIII.  In  fig.  6.  the  wheel  • 
or  rack  work  is  shown,  being  the  view  of  the  inside  when  the 
stock  is  removed.  Though  it  is  not  drawn  in  the  just  propor- 
tions and  dimensions,  for  the  rack  a  b  must  be  supposed  at  least 
four  times  as  long  in  proportion  to  the  wheel  q  as  the  figure 
represents  it ;  and  the. teeth,  which  will  be  then  four  times  more 
in  number,  to  have  about  3  in  the  inch.  Now  if  the  handle  hp 
be  7  inches  iong,  the  drcumference  of  this  radius  will  be  44 
inches,  which  is  the  distance  or  space  the  power  moves  through 
in  one  revolution  of  the  handle :  out  as  the  pinion  of  the  handle 
has  but  four  leaves,  and  the  wheel  a  suppose  20  teeth,  or  5  times 
the  number,  therefore  to  make  one  revolution  of  the  wheel  a, 
it  requires  5  turns  of  the  handle,  in  which  case  it  passes  through 
5  times  44  or  220  inches :  but  the  wheel  having  a  pinion  b  of 
3  leaves,  these  will  raise  the  rack  3  teeth,  or  one  inch,  in  the 
same  space.     Hence,  then,  the  handle  or  power  moving  2S0 


times  as  fast  as  the  weight,  will  raise  or  balance  a  weight  of  880 
times  its  own  energy.  And  if  this  be  the  Imnd  of  a  man  who 
can  sustain  50  pounds  weight,  he  will,  by  help  of  this  jack,  be 
able  to  raise,  or  sustain,  a  weight  or  force  of  11,000  lb.  or  about 
5  tons  weight. 

This  machine  is  sometimes  open  behind  from  the  bottom 
almost  up  to  the  wheel  q,  to  let  the  lower  daw,  which  in  that 
case  is  turned  up  as  at  b,  draw  up  any  wa^ht.  When  the  weight 
is  drawn  or  pusned  sufficiently  high,  it  is  Kept  from  going  back 
by  hanging  the  end  of  the  hook  s,  fixed  to  a  staple,  over  the 
curved  part  of  the  handle  at  A. 

The  Society  of  Arts  rewarded  a  Mr.  Mocock,  of  South wark, 
with  a  premium  of  ^0  guineas,  for  his  contrivance  to  prevent  a 
jack  from  taking  a  retrograde  course  whenever  the  weight  by 
any  accidental  circumstance  overbalances  the  power.  The  im- 
proved lack  only  difiers  from  those  in  common  use  in  this  re- 
spect, that  it  has  a  pall  or  clock,  and  ratchet,  apphed  in  such 
manner  as  to  stop  the  motion  of  the  machine  as  soon  as  it  begins 
to  run  back  again.  As  the  difference  in  the  mechanism  is  very 
trifling,  the  improvement  may  be  easily  applied  to  any  common 
jacks  already  made. 

Jack  is  also  the  name  of  a  well-known  engine  in  the  kitchen, 
used  for  turning  a  spit.  Here  the  weight  is  the  power  applied, 
acting  by  a  set  of  pulleys ;  the  friction  of  the  parts,  and  the 
weight  with  which  the  spit  is  charged,  are  the  forces  to  be  over- 
come ;  and  a  steady  uniform  motion  is  maintained  by  means  of 
a  fly. 

The  common  worm-jack  is  represented  at  fig.  S.  pi.  XII. 
ABC  is  the  barrel  round  which  the  cord  or  is  wound :  kl 
the  main  wheel,  commonly  containing  60  teeth,  k  the  worm 
wheel  of  about  30  teeth,  cut  obliquely,  lm  the  pinion,  of 
about  15.  o  the  worm  or  endless  screw,  consisting  of  two 
spiral  threads,  making  an  angle  of  60  or  70  degrees  with  its 
axis.  X  the  stud,  and  z  the  bop  of  the  worm  ^indle.  f  a 
heavy  wheel,  or  fly,  connected  with  the  spindle  of  the  endless 
screw,  to  make  the  motion  uniform,  do  the  struck  wheel 
fixed  to  the  axis  fd.  s,  s,  s,  are  holes  in  the  frame,  by  which 
it  may  be  nailed  to  a  board,  and  thence  to  any  wall,  the  end  d 
being  permitted  to  pass  through  it.  hi  the  handle  going  upon 
the  axis  et,  to  wind  up  the  weight  when  it  has  run  down.  R 
is  a  box  of  fixed  pulleys,  and  v  a  corresponding  one  of  moveable 
pulleys  carrying  the  weight.  The  axis  et  is  m:ed  in  the  barrel 
AC,  which  axis  being  hollow,  both  it  and  the  barrel  turn  round 
upon  the  axis  fd,  which  is  fixed  to  the  wheel  kl,  when  it  turns 
in  the  order  bta  ;  but  cannot  turn  the  contrary  way,  by  reason 
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of  a  catch  nailed  to  the  end  ab^  whidi  lays  hold  of  the  cross- 
bars in  the  wheel  lk. 

Hie  weight,  by  means  of  the  cord  ak,  in  condeuuence  of  its 
descent,  carries  about  the  barrd  Afi,  which  by  tne  action  of 
the  catch  carries  the  wheel  kl,  and  this  moves  the  pinion  Lm 
and  wheel  N,  the  latter  moving  the  worm  o  and  the  fly  p. 
Also  the  wheel  lm  carries  the  axis  fd  with  the  wheel  do, 
which  carries  the  cord  or  chain  that  goes  about  the  wheel  or 
pulley  at  the  head  of  the^spit.  But  when  the  handle  h  gives 
motion  to  the  axis  in  a  contrary  direction  to  that  given  by  the 
weight,  the  catch  is  depressed ;  so  that  although  the  barrel  bc 
moves  and  winds  the  cord  upon  it,  the  wheel  dg  continues  at 
rest.  The  time  which  the  jack  will  continue  in  motion  de- 
pends upon  the  number  of  pulleys  at  a  and  v  :  and  as  these 
mcrease  or  decrease,  so  must  the  weight  which  communicates 
the  motion,  in  order  to  perform  the  same  work  in  the  same 
time. 

Smoke-JACK  is  an  engine  used  for  the  same  purpose  as 
the  common  jack  ;  and  is  so  called  from  its  being  moved  by 
means  of  the  smoke,  or  rarefied  air,  ascending  the  chimney,  and 
striking  against  the  sails  of  the  horizontal  wheel  ab  (plate  XII. 
^g'  1  *)»  ^hich  being  inchned  to  the  horizon,  is  moved  about  the 
axis  of  the  wheel,  tc^ether  with  the  pinion  c,  which  carries  the 
wheels  n  and  £  ;  and  £  carries  the  chain  f,  which  turns  the  sdit. 
The  wheel  ab  should  be  placed  in  the  narrow  part  of  the  chim- 
ney, where  the  motion  of  the  smoke  is  swiftest,  and  where  al«o 
the  greatest  part  of  it  must  strike  upon  the  sails. — The  force 
of  this  machme  diepend^  upon  the  draught  of  the  chimney,  and 
the  strength  of  the  fire. 

Smoke-jacks'  are'  sometimes  moved  by  means  of  spiral  flyers 
coilkig  about  a  vertical  axle ;  and  al  other  times  by  a  vertical 
wheel  with  sails  Hke  the  float-boards  of  a  mill:  but  the  above  is 
the  more  customary  construction. 

JOINT,  UNIVERSAL.  See  the  introductory  part  of  this  vo- 
lume. 

KNE  ADING-MILL,  is  a  contrivance  by  which  large  quan- 
tities of  flour  may  be  mixed  and  incorporated  into  dough. 

In  many  places  bakers  follow  the  disgusting  practice  of 
kneading  the  dough  with  their  bare  feet :  and  m  others  the 
business  is  effected  by  a  wooden  implement,  being  a  lever; 
whichj  fastened  at  one  end  by  a  moveable  hinge,  is  worked  up 
and  down  so  as  to  press  and  knead  the  dough.  But  the  ma- 
chine we  are  about  to  describe  is  far  preferable,  as  it  will  knead 
the  dough  very  completely,  with  a  great  saving  of  time  and 
labour.     It  is  used  at  the  public  bakmg-houses  of  Genoa,  and 
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waa  first  described  in  the  Mti  della  Societa  Pastriatka  di  Mi' 
Icmo,  vol.  II. 

A,  in  fig.  4.  pi.  XVIII.  is  a  frame  of  wood  which  supports 
the  axis  of  the  machine :  a  wall  14  palms  high  from  the  ground 
may  be  made  use  of  instead  of  this  frame,  b,  a  wall  three 
palms  and  a  half  thick^  through  which  the  aforesaid  axis  passes* 
c  another  wall  similar  to  the  former,  and  facing  it,  at  the 
distance  of  21  palms,  d,  the  axis,  thirty  palms  in  length,  and 
one  palm  and  one-third  in  thid^ness.  e,  the  great  wheel,  fixed 
to  the  said  axis,  between  the  frame  and  the  wall ;  its  diameter 
is  S8  palms ;  and  its  breadth,  which  is  capable  of  holding  two 
men  occasionally,  is  five  palms,  f,  are  steps,  by  treading  on 
which  the  men  turn  the  wheel  very  smartly ;  they  are  two 
pdms  distant  from  each  other,  and  one-third  of  a  palm  in 
neight.  o,  a  small  wheel  with  cogs,  fixed  almost  at  the  further 
extremity  of  the  axis:  its  diameter  is  12^^  palms.  H,  a  beam 
of  wood  which  extends  from  one  wall  to  the  other ;  being  9X 

Ealms  in  length,  and  one  and  a  third  in  thickness.    A  similar 
eam,  not  seen  in  the  figure,  is  on  the  opposite  side  of  the  axis* 
I,  a  transverse  pece  of  wood,  placed  near  the  wall  c ;  it  is  fixed 
into  the  two  beams,  and  serves  to  support  the  further  extremity 
of  the  axis :  its  length  is  14  palms,  and  its  thickness  one  and  a 
third :  there  is  likewise  a  transverse  piece  (which  cannot  be  se^i 
in  the  figure)  14  palms  long,  and  half  apalm  thick,  placed  close 
to  the  wall  b.     k  is  a  strong  curved  piece  of  oak,  fixed  trans- 
versely in  the  sidebeams  H,  to  receive  the  axis  of  the  trundle  i 
its  length  is  14  palms,  and  its  thickness  1^.    l  is  a  truni- 
dle  of  54  palms  in  diameter,  and  1^  in  height^  whieh  is  moved 
by  the  cogged  wheel  g.     m  is  an  axis  proceeding  from  the 
trundle,  i,^  and  continued  through  the  cross  m  to  the  bottom  of 
the  tub  p ;  its  centre  is  made  of  iron,  partly  square  and  partly 
round,  and  it  turns  in  a  socket  of  brass.    The  first  part  of  thia 
axis  between  the  trundle  l  and  the  cross  n  is  of  acjpaire  iroa^ 
surromided  by  two  pieces  of  wood,  held  together  by  iron  hoops, 
which  may  be  removed  at  pleasure  to  exawine  the  iron  wkhin  ; 
its  length  is  three  pahns,  its  diameter  about  1  palm.  The  second 
part  of  the  axis  which  is  within  the  tube  is  made  like  the  first 
part :  its  height  is  \i  palm,  its  diameter  1|,     The  wooden 
sheath  of  this  part  of  the  axis  is  fixed  to  the  bottom  of  the  tub, 
by  means  of  three  screws  with  their  nuts.    This  axis  is  distant 
one^tiiird  of  a  palm  from  the  nearest  triangular  beater  of  the 
cross.    N,  the  cross,  formed  of  two  bars  of  wood  imequaUy  dir 
vided,  so  that  the  four  arms  of  the  cross  are  of  diiferait  lengths : 
one  of  the  two  pieces  of  wood  of  which  the  cross  is  made  is  6 
palms  in  length,  the  other  5  :  their  thickness  is  -/^  of  a  palmi 
and  their  breadth  1  palm,     o,  four  pieces  of  wood,  called 
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beaters,  of  a  triangular  shape,  fixed  vertically  into  the  extremi- 
ties of^  and  underneath,  the  arms  of  the  fore-mentioned  cross  X 
they  are  1|-  palms  in  length,  and  half  a  palm  in  thickness ;  and 
beat  or  knead  the  dough  in  the  tub  at  unequal  distances  from 
the  centre,  p  is  a  stout  wooden  tub,  about  a  quarter  of  a  palm 
thick,  well  hooped  with  iron :  its  diameter  is  6  palms,  its  height 
I4  in  the  clear. 

Fi^.  5.  is  a  box  or  trough  of  wood,  4  palms  long,  and  3  wide, 
in  which  the  leaven  is  formed  (in  about  an  hour)  in  a  stove,  and 
in  which  it  is  afterwards  carried  to  the  tub  P. 

Fig.  6.  exhibits  a  view  of  the  trundle,  cross,  &c.  with  a  section 
of  the  tub. 

Fig.  7.  is  a  bird's-eye  view  of  the  cross  and  tub,  with  the  upper 
ends  of  the  triangular  beaters* 

This  tub,  p,  wfll  contain  18  rubbi  (about  19  bushels)  of  flour, 
which  is  carried  to  it  in  barrels :  the  leaven  is  then  carried  to  it 
in  the  box  or  trough,  fig.  5.  and  when  the  whole  is  tempered 
with  a  proper  quantity  of  warm  water,  the  men  work  in  the 
wheel  till  the  dough  is  properly  and  completely  kneaded.  In 
general  a  quarter  of  an  hour  is  sufficient  to  make  very  good 
dough ;  but  an  experienced  baker  who  superintends,  determines 
that  the  operation  shall  be  continued  a  few  minutes,  more  or  less, 
according  to  circumstances. 

The  measures  in  the  preceding  description  are  given  in 
Genoese  palms,  each  of  which  is  very  nearly  e(}ual  to  9'B5  of 
our  inches.  The  machinery  may  be  varied  in  its  construction 
according  to  circumstances,  and  the  energy  of  the  first 
mover  much  better  applied  than  by  men  walking  in  a  common 
wheel. 

LATHE,  a  very  useful  engine  for  the  turning  of  wood,  ivory, 
metals,  and  other  materials.  The  invention  of  the  lathe  is  very 
ancient :  Diodorus  Siculus  says,  the  first  who  used  it  was  a 
^ndson  of  Daedalus,  named  Talus.  Pliny  ascribes  it  to  Theo- 
dore c^  Samos ;  and  mentions  one  Thericles,  who  rendered  him- 
self very  famous  by  his  dexterity  in  mana^ng  the  lathe.  With 
this  instrument  the  ancients  turned  all  kinds  of  vases,  many 
whereof  they  enriched  with  figures  ^and  ornaments  in  basso 
relievo.  Thus  Virgil :  "  Lenta  quihus  tomo/acilisuperaddita 
vitisj" 

The  Greek  and  Latin  authors  make  frequent  mention  of  the 
lathe;  and  Cicero  calls  the  workmen  who  used  it  vasctdariu 
It  was  a  proverb  among  the  ancients,  to  say  a  thing  was  formed 
in  the  lathe,  to  express  its  delicacy  and  justness. 

The  common  lathe  is  composed  of  two  wooden  cheeks  or  sides, 
parallel  to  the  horizon,  having  a  groove  or  opening  between : 
perpendicular  to  these  are  two  other  pieces  called   puppets^ 


made  to  slide  between  the  cbedks,  and  to  be  fixed  down  at  any 
point  at  pleasure.  These  have  two  points,  between  which,  the 
piece  to  be  turned  is  sustained :  the  piece  is  turned  round 
backwards  and  forwards  by  means  of  a  string  put  round  it,  and 
fiistened  above  to  the  end  of  a  pliable  pole,  and  underneath  to. a 
tredle  or  board  moved.with  the  foot.  There  is  also  a  rest  which 
bears  up  the  tool,  and  keeps  it  steady.  But  the  most  ingenious 
lathes  now  constructed  are  different  from  the  above :  we  shall 
describe  them  under  the  article  turning. 

LENS  GuiNDiNG  MACHINES,  have  been  invented  of  many 
different  kinds ;  but,  since  it  has  been  admitted  that,  on  the 
whole,  spherical  lenses  are  the  most  practically  useful,  the  con- 
struction of  lens-grinders  has  become  comparatively  simple.  One 
of  the  best  we  have  seen  was  invented  by  Mr.  Sam.  Jenkms^ 
and  described  in  No*  459.  voL  xli.  of  the  PM.  Tramaac.  It  is 
contrived  to  turn  a  sphere  at  one  and  the  same  time  on  two  axes, 
cutting  each  other  at  right  angles,  and  will  produce  the  seginent 
of  a  true  sphere  merely  by  turning  round  the  wheels,  without 
any  care  or  skill  of  the  workmen,  a  (fig.  1 .  pi.  XX.)  is  a  globe 
covered  with  cement,  in  which  are  fixed  the  pieces  of  glass  to 
be  ground :  this  globe  is  fastened  to  the  axis,  and  turns  with 
the  wheel  b.  c  is  the  brass  cup  which  polishes  the  gl^^ss :  this  is 
festened  to  the  axis,  and  turns  with  the  wheel  j>.  The  motion 
of  the  cup  c,  therefore,  is  at  right  angles  to  the  motion  of  the 
globe  A ;  whence  it  follows,  demonstrably,  that  tb^  pieciess  of 
glass  ground  by  this  double  motion  must  be  formed  into  the 
segments  of  spheres* 

1  The  lever,  treated  as  one  of  the  mechanical  powers,  fell 
under  our  notice  in  book  I.  ch,  iii.  voL  I.  where  the  theorv  of 
the  various  kinds  of  levers,  whether  straight  or  bent,  was  laid 
down.  Our  present  object  is  to  describe  a  combination  of  the 
lever  with  the  axis  in  peritrochio,  by  means  of  which  the  reci- 
procating motion  of  the  lever  is  made  useful  in  giving  a  con* 
tinned  rectilinear  motion  to  a  heavy  body,  without  changing 
the  situation  of  the  fulcrum  of  the  lever.  This  contrivance  is 
described  by  Belidor  (Archit.  Hydraul.  tom.  I.)  under  the  name 
of  &  Uvier  de  la  Garousse^  and  is  generally  called  in  England 
the  universal  lever,  fgh  (tig.  2.  pi.  XX.)  is  a  straight  lever, 
whose  centre  of  motion  is  g  :  on  its  extremity  F,  bang  two  bars 
FD,  FE,  the  former  of  which  has  a  hook  to  catch  into  the  teeth  of 
the  wheel  acd,  and  the  latter  has  its  end  slightly  bent,  so  as  to 
slide  over  the  outer  parts  of  those  teeth.  The  axle  a  has  a 
cord  wound  about  it,  to  the  lower  end  of  which  is  attached 
the  weight  w.  Now  suppose  the  end  h  of  the  lever  raised 
from  H  Dy  i,  while  the  other  end  descends  from  f  to  n ;  the 
bar  FE  will  then  push  the  point  e  of  the  wheel  from  e  to  c, 

VOJi.  II.  ^ 
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wfeH^ ther hd^  1$) slides  m^^e^cfi^  space  d«( the  otfet^t  inde 
^  tto  wfereek  After  €bis^  an  the  eoA  r  of  the  levef  being 
ftMM^ti  dQWri  agai«  f>;f  i  te  %  the  effd  f'  aisee^ds  through  b^^,i 
Md  the  hUdok  D  raises  ufr  die  teft  bafAd'  side*  of  the  tirheef 
Arough  tf  space  equal  fo  £cv  Thus^  tihe'  recifi^roeatiiig  motvoiv 
ef  ifce  kver  ia  ifiladie  to  caA^eriTiiiidaCe  in  taminnti  fOiMffty 
ttcMioW  iti  the  whe^el^  and  cMdequetftl^p^  to  raise  the  wcJglW  IT 
^ift|^iided  ftoaif  iM  d^to  by  the  eafi.  H^e  th^  adt^nts^gtf 
sained,  neglecting  fricli<!>n and  ffa^ stiShefedoF «be> Cidrd,  ^1  to 
nt  the  #tftio  C^Mfp^UiVded'  «>f  the  ration  of  if  g  to  ^t,  at^  the  ratio 
i^  the  radius  of  the  wheel  ta  that  of  the  atle.  I'hus  if  d^ 
were  teA  tiiiies  <Xf^  &ti6  the  radius  of  the  wheel  10  tifne^  that  df 
the  axle^  the  power  would  th^tf'  be  to  the  weight!  raised  fteArly 
as  I  to  tea 

This  i>iai<;hhie  has  been>  advantdgeonsty  applied  h  drawing 
beavy  l6ad^  alorfg  a  fistm  tteAtlj  bori^ontri :  ifi  that  case,  tli^ 
cord  has  h&m  eatrieu  frodi  a  in  tiesfrly  a  hoiizomat  direeden,- 
passed  round  a  polley  p4  attached  to  the  load  ta  of  its  carriage, 
and  its  ehi  fixM  (o  a  post  as  at  a^  or  perhaps  to  the  fraiae  of 
the  wheel  and  axle<  The  pijAkVf  k  h  obviotfs,  almost  dotfble^ 
the  adraiMage  of  the  powers  ma  mme  ih6  fofte  to*  be  orerccute 
«Fben  dnce  the  systetn^  i§  pm  in  tmti<m  k  not  eq^ivalevit  to  the 
Whold  lottdl  Wy  bat  tnettlt  to  the  friction,  and  the  righfity  of  tbc^ 
Ibpe^  a  tery  great  weignt  may  be  moved  m  this  niafiner  by  it 
toitWarativ%  silHatt  pdWer.  If  the  lever  have  atiothet  a^m  ia 
Uibmtot&r  (as  it  appci^ri^  in  the  %are)  equal  tc^  e^y  a  tmA 
may  then  work  at  each  end,  either  by  pressing  tipbn  it  Of  by 
pafliag  downwards  witi<  A  dc^ ;  atid  thusf  the  kboor^s  will 
^tertiately  relieve  each  other.  Sometimes^  a  heart-wheel  ha^ 
fceefa  coftibined  with  this  tiditei^al  lefeti  hut  it  h  hbt,  we  dnrii^, 
H  eombittation  to  be  recotiiitieBded  in  practice. 

If  the  centre;  6f  inocidti  a  were  vmically  abo^ethecetiti^df 
the  wheel,  and  if  another  bar  and  bddk  simlldi-  and  equ^  ia 
length  to  FD  hung  from  the  poiht^^yb  being  equal  io  M;  these 
two  hooks  would  then  catch  alternalcly  into  the  teeth  on  the 
rising  side  of  th6  whed,  and  thus  prodtfce  the  contintred  rota- 
tory motion :  but  tbi9  construction  has  a  practical  disadvantage  ? 
for  when  both  bars  work  6tt  the  same  side  of  the  wheel,  they 
#111  be  in  great  danger  of  catching  together  and  impeding  eaeh 
ecber's  motions. 

Universal  levers  havfe  lottg  been  introduced  into  saw-miHa, 
fer  the  purpose  of  drawing  along  the  log*  to  be  Sawn.    See 

idAW-MtLT.,  also  PIPE-BOEKR. 

WFT  tfiNtER.  See  Governor. 
LINT-MILL.  See  Flax-mill. 
LOADING  Ajfn  i^NWADtNct  .maciune,  an  invention  of 


Mr.  Q^  Dayis,  of  Windsor,  fpr  the  purpose  of  removing  pop^- 
derpWfijWbstances  ^q  ox  from  wa^jgoqsjj  &c.  >vUh  safety  aqd  con- 
ye^iei^c?.  TW^  pprt^bfe  machine  is  represented  in  fig.  6,  pt 
XV..  where  A  i»  the  winch  turning  the  bar  ij,,  pn  which  are  two 
endless  sci;ew&i,  or  worms^  ce*  that  work  in  thjC  toothed  wheels 
PD*  Ti^ese  wheels  are  &xed  to  t^e  barrels,  eg.,  i^ound  which  the 
rop^  E?  cpili  wia^  "P*  Pr  iet  put  the  sapie  pccasipn^Uy :  the 
ropes  pa^s  pyer  the  pulleys  g?  :  are  brought  ^oupd ;  and  thei^r 
^d^  peing  furpi^hed  with  hppks  fP^  that  purpose,  are  hitjche^ 
into  ^pkfi.  ^3ced  to  the  front  of  the  cart,  or  other  carriage. 
\\rithiQ  tbesiEi  ropes,  tfhe  Ipad  h  is  pl^ce^  op  a  common  step- 
Wder  I,  ^at  fpxmsi  ap  in<?Hn^  pl^ne,  up  which,  by  turning 
$h«  viucb|,  ^\\e^  ropes  ar^  WQun4  ppou  the  barrels;  ^ij^d  thu? 
the  lo^  i^  raised  iptP  the  carriage. 

ici^  (h^  fr^pif^  iptf3iided  tp  ^ow  the  part  pf  the  cart,  p;- 
Pth^  c^ri^gB,  on  which  the  ipachine  is  tp,  be  occasionally 

The  whole  of  the  barrels  apd  cogged  wheels  are  ^ntaiped  xp. 
4P  irpn  }^^  I. ;  the  ajdps  of  which  are  represepted  in  the  plate, 
as  taken  off,  in  order  that  the  arrangement  of  the  different  pafts 

BiOT  he  feeder  ippuceiy^di  ,     «•    j 

The;  pulleys  pp  ^he  stage  (pa)  niay,  ip  ipost  efises,  be  affixed 
tp  ti^e  Wft^hipe  it§elf;  wh}?h  i?  adapted  to,  every  ^^irectio.n^apd 
will  mi  carriages  pf  every  cpp^tyuction.  ^ 

The  i^o^el  corresponding  to  the  present  (?pgraving  is  ipade 
W  Ijhe  9€^e  pf  ftbput  four  wches  tp  a  foot;  apd  the  inveiitof 
states,  that  it  will  raise  upwards  of  five  cwt — He  is  therefore 
Iffm^dpnU  that;  his  machine,  when  constructed  of  its  infepded 
^.  will  he  capable  of  loading  a  ton  weight  by  me  man  pnhf; 
ftUd  tjj^t,  ^yep  uppp  thi.9  enlarge^  pl^n?  it  does,  not  excee^ 

U?lh,  ip  weight  ,  ^  .^     .       .    it>r 

Tlje  Sociely  pf  Am  m  1797  awarded  40  guineas  to  Mr. 
P4»yi&  for  this  R^efpl  ipveptipn.  . 

J^QPK,  ^  well-knpwp  instrument  used  for  fasteypng  dpor§, 
l*es^  ^\  generfdly  opeped  by  a  key,  The  lock  is  reckoned 
tb^  ^asterpwc^  in  smithery ;  a  great  deal  pf  art  and  delicacy 
)Mpg  required  ip  coptriving  ^d  varyipg  the  wards*  springs, 
hrits,  &c.  and  adjusting  thepi  tp  the  places  where  they  are  to  be 
p^,  ftpd  tP  tjie  several  occasions  of  using  them.  From  the 
Yiprious  structure  of  locks,  accommodated  to  their  differep);  in- 
teptipna,  they  acquire  various  names.  Those  plaped  pn  outer 
dpprs  are  called  ^tockrlocks;  jthpse  on  chamber-doors,  ^i^nriff. 
iacJes ;  those  on  trunks,  trunk4ocks,  padlocks,  &c.— Of  these  th^ 
spring-lock  is  the  most  considerable,  both  fpr  its  frequency  and 
thecprippity  of  its  strpctpre.  Its  pripcipal  parts  are,  the  mam- 
pl^fp.  t^e  cpvj5r.pl^te,and  the  pin-hpje :  tp  the  main-plate  belong 

s  ^ 
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the  key-bole,  top-hook,  cross-wards,  bolt-toe  or  bolt-knab, 
draw-back-spring  tumbler,  pin  of  the  tumbler,  and  the  staples; 
to  the  cover-plate  belong  the  pin,  main-ward,  cross-ward,  step- 
ward,  or  dap-ward ;  to  the  pin-hole  belong  the  hook-ward, 
main  cross-ward,  shank,  the  pot  or  bread  bow-ward,  and  bit. 

The  principle  on  which  all  locks  depend  is  the  application  of 
a  lever  to  an  interior  bolt,  by  means  of  a  communication  from 
without ;  so  that,  by  means  of  the  latter,  the  lever  acts  upon 
the  bolt,  and  moves  it  in  such  a  manner  as  to  secure  the  lid  or 
door  from  being  opened  by  any  pull  or  push  from  without.  Thie 
security  of  locks  in  general  therefore  depends  on  the  number  of 
impediments  we  can  interpose  betwixt  the  lever  (the  key)  and 
the  bolt  which  secures  the  aoor;  and  these  impediments  are  well 
known  by  the  name  of  wards^  the  number  and  intricacy  of 
which  alone  are  supposed  to  distinguish  a  good  lock  from  a  Dad 
one.     If  these  wards,  however,  do  not  in  an  effectual  manner 

Ereclude  the  access  ot  aJl  other  instruments  besides  the  proper 
ey,  it  is  still  possible  for  a  mechanic  of  equal  skill  with  the  lock* 
maker  to  open  it  without  the  key,  and  thus  to  elude  the  labour 
of  the  other. 

The  excellence  of  locks  consists  in  the  security  they  afibrd ; 
and  as  numberless  schemes  are  continually  brought  forward  by 
designing  men,  to  elude  every  contrivance  of  me  most  inge- 
nious mechanics,  the  invention  of  a  durable  lock,  so  constructed 
as  to  render  it  impossible  for  anv  person  to  open  it  without 
its  proper  key,  has  qver  been  an  object  of  considerable  import- 
wce. 

In  the  year  1784.  the  Society  for  the  Encouragement  of  Arts, 
&c.  conferred  their  silver  medal  on  Mr.  Taylor,  of  Petworth, 
for  his  improvement  on  the  latch  or  spring-bolts  of  common 
locks.  This  is  effected  by  simply  reversing  the  tumbler,  so  that 
its  curved  side  acts  against  two  stubs  fixed  on  the  tail  of  the 
latch,  and  thrusts  back  the  latter  with  ease ;  whether  the  knob 
be  turned  to  the  right  or  to  the  left,  when  the  lock  is  opened. 
Mr.  Taylor  has  also  behind  the  tail  of  the  latch  fixed  a  guide 
containing  a  groove,  in  which  runs  a  small  friction-rckeel,  OiRt 
serves  to  keep  the  latch  in  its  direct  situation,  and  at  the  same 
time  to  diminish  its  friction :  the  arms  of  his  tumbler  are  some- 
Vhat  contracted,  in  order  that  the  latch  or  spring-bolt  may  move 
with  greater  facility.  By  this  construction,  the  parts  of  the 
tumbler  and  latch,  which  are  in  contact,  move  in  a  line,  so  that 
they  pass  over  the  greatest  space  under  the  smallest  angle ;  and 
the  lock  itself  may  be  constantly  used  for  several  years  without 
requiring  the  application  of  oil. 

Various  patents  have  been  obtained  for  the  construction  of 
locks;  so  as  to  prevent  the  possibility  of  picking  them :  theprin- 
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cipd  of  these  is  Mr.  Bramah's,  registered  in  1 784 ;  and  Mr. 
Spears's,  in  1795:  but  as  the  account  of  those  inventions 
would  be  unintelligible  without  the  aid  of  several  engravings, 
the  curious  reader  will  consult  the  5th  and  8th  vols,  of  the 
Repertmy  of  Arts  and  Mamtfactures^  where  they  are  minutely 

specified. 

MANGLE,  a  valuable  domestic  machme,  employed  for 
the  purpose  of  smoothing  such  linen  as  cannot  be  conveniently 

irofied,  .     .. 

Various  patents  have  been  granted  for  improvements  m  this 
machinery :  but,  as  many  of  them  are  too  complicated  to  be 
understood  without  very  tedious  details,. we  have  annexed  the 
figures  in  pi.  XII.  representing  an  improved  mangle  contrived 
by  Mr.  Jee,  of  Rotherham ;  to  whom  the  Society  for  the  En- 
couragement of  Arts,  &c.  in  1798,  voted  their  silver  medal,  for 
the  ingenuity  displayed  on  that  occasion. 

The  following  is  a  description  of  Mr.  Jee's  improved  mangle: 

A  (fig.  5.)  points  out  the  great  wheel,  which,  in  machines  of 
a  full  size,  is  i  5  inches  in  diameter,  b,  the  arbor,  on  which 
the  nut,  c,  is  fixed.  »,  the  handle  of  the  winch,  e,  the  crank, 
21  inches  in  length,  f,  the  rod  of  the  crank,  go,  represents 
the  hollow  studs,  by  which  the  ends  of  the  bed  are  hfted  up. 
HH,  the  levers,  iiii,  the  four  pulleys  fixed  on  themoveable  bed 
K.     LL,  the  ends  of  the  rollers. 

Fig.  6.  represents  a  front  view  of  one  of  the  hollow  studs  g, 
to  show  its  form,  when  standing  at  the  end  of  the  bed ;  and 
into  which  the  levers  enter  alternately,  as  often  as  it  becomes 
necessary  to  elevate  the  bed,  in  order  to  put  in,  or  take  out, 

the  rollers.  ,       ,     ,       n  • 

Mr.  Jee's  mangle  is  so  constructed,  that  the  handle  requires 
to  be  turned  one  way  only,  in  consequence  of  which  the  ma- 
chine moves  with  greater  fecility,  and  with  incomparably  less 
injury  to  the  linen,  than  by  varying  the  turnings,  and  in  a  man- 
ner cutting  the  different  folds.  Besides,  it  possesses  the  great 
advantage,  that  a  woman  and  one  boy  are  sufficient  to  work  it, 
and  can  perform  as  much  labour  in  the  same  period  of  time 
as  three  or  four  persons  with  mangles  of  the  common  con- 

^  ^Mr.T  S.  Morris's  patent  mangle  (specification  dated  Feb, 
1808),  being  compact  and  moderately  simple,  may  here  be 

This  mangle  is  constituted  of  four  horizontal  rollers,  the  pi- 
vots  of  which  play  on  suitable  supports  in  a  stout  wooden  frame 
put  together  with  bed^screws.  ,  To  avoid  circumlocuUon,  we 
sliall  denote  these  four  rollers  by  the  letters  a,  b,  c,  d.  1  he 
two  roUers  A  and  b,  whose  axles  bear  on  brass  or  iron,  let  into 
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the  wooden  frarhe,  arc  posited  side  by  side,  but  ttot  so  as  to 
touch!  c  is  a  moveatjle  roller,  about  which  tlie  linen  or  cloth 
to  be  mangled  is  rolled,  and  it  is  then  placed  upon  the  rollerf  a 
and  B,  so  as  to  lie  in  part  between  them.  The  axis  of  the  fourth 
roller  d  works  in  pieces  of  brass  or  iron,  which  slide  between 
two  other  pieces  of  metal,  so  that  this  roller  n  admits  of  elera- 
tion  and  depression,  by  means  of  a  lever  working  upon  a  hori- 
zontal shaft  (at  the  top  of  the  frame),  ancl  chains  of  suspension. 
The  pieces  of  metal  in  which  the  axle  of  the  roller  d  runs  have 
long  vertical  pieces  of  iron  attached  to  them,  so  as  to  reach 
below  all  the  rollers;  and  to  hooks  at  the  lower  extremities 'df 
these  irons  are  hung  chains  carrying  either  a  rectangular  {>liit- 
form  loaded  with  weight*,  or  a  rectangular  box  containing 
stones  or  other  ponderous  matter. 

In  using  this  machine,  the  lever  is  pressed  doWn  and  fasten^ 
by  a  hook ;  by  this  process  the  roller  d,  and  platform  beloiv  all, 
is  elevated ;  then  the  linen  to  be  smoothed  is  wrapped  about  the 
roller  c,  which  is  next  laid  to  r^t  between  the  rollers  a  and  b. 
The  lever  is  then  freed  from  the  hook  which  kept  it  down,  tad 
the  action  of  the  ponderous  matter  on  the  platmrm  brings  the 
roller  d  into  contact  with  the  roller  c :  in  this  state  a  rotatory 
in6tion  is  applied  to  all  the  rollers  by  means  of  a  winch  fi^ed 
^o  the  axle  of  d  ;  and  in  a  short  time  the  pressure  of  the  roHer 
Cj  against  a,  b,  and  d,  will  give  the  requisite  smoothnessto  the 
•linen. 

The  patentee  says,  this  machine  will  act'be^t  with  a  wheel  on 
the  axis  of  each  of  the  cylinders  a  and  b,  and  a  pinion  between 
them,  virith  a  fly-wheel  on  the  axle  of  the  pinion,  to  which 'ttiO- 
tion  being  given,  all  inequalities  of  pressure  will  be  conqtidred 
with  great  ease.  This  machine  is  not  confined  to  mangling  only, 
hut  may  be  used  with  success  as  a  copper-plate  printing  p^ess, 
a  letter-copy ing  machine^  &c.     {Retrospect^  JVb.  1 5.) 

The  maphine  at  MAKLY,  beins  so  much  -celebrated,  dti 
account  of  its  magnificence  and  the  multiplidty  of  its  part»^ 
we^hall  here  give  sorte  account  of  it,  wilh  a  few  remarks  upon 
'its  cohsti^uction. 

This  machine,  -which  was Erected  by  one  Rdmie^um^  of  the 
country  of  Liege,  and  began  to  work  in  .1682,  is  sittiated  be- 
itveen  Marly  and  the  village  dela  Ckcmssie:  in  that  pUcethe 
river  is  barred  up,  partly  by  the  machine  and  partly  by  a  dam 
which  keeps  up  the  water;  but  that  the  navigation  ihay&ot 
tie  interrupted,  two  leagues  above  Marly  a  canal  hiftsbeexi  cut 
"for  the  passage  of  boats  and  barges:  there  hto  Jso  been  erected 
(aboiit  30  fathoms  from  the  machine)  a  contrivance  caHed  an 
ice-breaker^  to  prevent  floating  pieces  of  ice '^or  timber  Which 
'come  down  the  stream  from  damaging  the  madiine;  and' the 
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better  te  sccm-e  the  penstocks  aiwJ  -Che  chfmnds  in  ifvjiich  the 
^eds  move,  there  is  «  grate  of  timber  to  stop  whatever  may 
come  througii  the  ice-breaker. 

'The  water  is  raised  to  its  destined  'height  by  means  of  14f 
wheels,  which  serve  to  work  the  pmnps  by  three  dlfferent:stagies! 
first,  from  the  fiver  to  a  reservoir,  at  the  elevatiom  of  169 
English  feet  aboveithe  level  of  ibe  'Stine :  then  to  a  laecondTC- 
servoir,  846  feet  higher;  ^ndfrom  the  latter  to  the  surarak  of 
a  tower  rather  more  Aan  588  feet  ribove  tJie  river. 

'The  breadth  of  tiie  machine  comprehends  14  jets,  or  waters 
courses,  ^hut  by  slrfices,  or  penstocks,  whicli  are  raised  and 
depressed  'by  ratiks ;  and  in  eadh  of  these  jets  is  placed  a. wheel': 
these  wheels  are  disposed  on  tliree  ^nes;  lin  the  first,  on  the 
side  which  points  up  Ae  stream  there  are  seven^  six  4n  tbe^ 
second,  and  'on!y  one  hi  the  third . 

^  The  ends  of  toc  axle  of  eath  wliee!  go  beyond  their -hearing- 
pieces,  and  are  bent  into  a  crarik,  in-hich  rbakes  a  lever  of  two 
feet;  and  it  is  to  be  observed,  diatthe  craiik  which  is  towards 
^te  mountain  sucks -and  lifts  up  the  water  of  the  river,  todrive 
it  into  the  first  cistern,  andthe  other -crank  gives  motipn  to  the 
bcflances. 

-Six  of  the  wheds  on  thefirst  Jine  give  motion  by  one  <lf  their 
erarlks  to  an  engine  of  eight  <puinps,  without  reckoiiing  the 
feeder:  these  engines  are  compounded  of  a  regulator,  at  each 
end  of  which  han^.a  square  piece  of  wood,  tnat  carries  and 
iirectsibur  pistons ;  the  regulator-is  put  in  motion  by  two  beams 
or  leaders,  one  df-which  lying  along  answers  to  the  -crartk  of 
the  wheel  and  a  vertical  regulator,  andtheoth«:*hangingdeiwtti 
is  united  to  the  same  regulator  tmd  to  the  balance. 

<5f' (he  «ix  wheels  we  have  jnentioned,  there  are  fiveW<ii<Jh  by 
their  other,  crarik  give  motion'to  the  pumps  that  work  in  tTC 
cistern  of  the  first  lift,  by  means  of  horizontal  levers  and  cjhains 
that  communicate  the  motion.  The  ^ixth  wheel,  which  is  the 
first  towards  the  dam,  inovesa^ong chain  that  works  the  pumps 
of  one  6f  the  wdlsdf  the 'iq)per  cistern,  which  is  cdled  the 
cistern  of  the  great  ehevaffts.  tilach  of  the  cranks  <if  the  seyenBh 
^ed  of  the  first  line  moves  a,<ihain  Whi<*h  goes  to  the  first 
dstern. 

'ThjB.six  wheds  of  the  second  line  move,  by  eadi  ctf -their 
cranks,  achain that,goes to theupper-cistem,  which  (reckoning 
the  chain  thati  comes  -from  the  sixth  wheel  of  the  first  line) 
makes  13  chains.  These  chains  go  over  one  cf  the  eisterns  of 
the  ^rst'lift ;  and  'five  of  them  at  the  same  time  give  motion  to 
the  pistons  of  thirty  pumps,  whilst  the  other  chains  go  on* 
straight  to  the  upper  cistern. 
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Lastly,  the  wheel  which  is  on  the  third  line,  by  each  of  it? 
cranks,  works  an  engine  of  eight  sucking  and  liiling  pomps* 
and  of  itself  supplies  one  conduit  pipe. 

The  seven  chains  of  the  wheels  of  the  first  line  in  going  along 
work  also  eight  sucking  pumps  placed  a  little  below  the  cis- 
tern of  the  first  lift,  because  in  that  place  there  are  the  waters 
of  a  conudcrable  spring  brought  thither  by  an  aqueduct;  and 
these  same  chains  take  up  that  water  the  second  time  to  force 
it  by  49  pumps  into  the  upper  reservoir,  through  two  conduit 
pipes  of  eight  inches,  and  three  others  of  six  inches  diameter. 
The  thirty  pumps  of  the  cistern  of  the  first  lift  drive  their 
water  also  through  two  pipes  of  eight  inches  diameter,  which 
carry  it  into  the  upper  cistern. 

Ine  water  raised  at  the  two  cisterns  in  the  way  up  the  hill 
discharges  itself  into  a  great  reservoir,  and  thence,  by  two  con- 
duit pipes  of  afoot  diameter  each,  it  runs  into  reservoirs  of 
communication  to  be  distributed  into  the  several  wells  or  little 
mterns  of  the  upper  cistern,  whence  it  is  raised  by  82  pumps, 
through  6  conduit  pipes  of  ii  inches  diameter,  up  into  me 
tower  which  answers  to  the  aqueduct. 

The  eight  great  chains  that  go  straight  to  the  upper  cistern, 
without  moving  G 
hind  the  up{>er  cii 
said  cistern  the  v/t 
to  the  tower. 

The  eight  engi 
river  contain  64  i 
together  contain 
which  adding  th 
others  which  are  I 
pumps  which  we  n 
the  machine  has  i 

The  basin  of  tti 
the  river,  and  su 
from  the  river.  T 
arches,  is  separab 
Marly,  and  formei 

Such  is  the  me 
produce  is  from  f 
We  say  mean  pro 
cumstAnces,  it  rail 
during  inundation 
is  very  low,  or  whi 
in  great  measure. 

The  annual  ex] 
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of  those  who  superintend  it,  and  the  wages  of  the  workmen 
em^oyedy  together  with  repairs,  necessary  articles,  &c.  may 
amount  to  about  33CX)Z.  sterling,  or  9L  per  da^ :  which  makes 
about  1  farthing  for  90  gallons.  Or,  taking  into  the  account 
the  interest  of  333,000/.  the  original  expense  of  erection^  90 

SJlons  will  cost  three  halfpence,  which  is  at  the  rate  of  a  far- 
ing for  15  gallons*. 

Whoever  has  an  opportunity  of  examining  this  machine^  or 
leruses  attentively  the  minute  account  of  it  given  by  Belidor  in 
\h  second  volume,  will  be  convinced  that  Rannequin  was  an 
ingenious  practical  mechanic,  but  no  mathematician  or  philo- 
sopher. In  several  positions  the  moving  forces  act  unneces- 
sarily obliquely,  which  occasions  a  great  loss  of  power,  and 
renders  the  machine  less  effectual.  About  i%  of  the  whole 
moving  power  of  some  of  the  water-wheels  are  employed 
in  giving  a  reciprocating  motion  to  a  set  of  rods  and  chains, 
which  extend  from  the  wheels  to  the  cistern  nearly  three-fourths 
of  a  mile  distant,  where  they  work  a  set  of  pumps.  By  such 
injudicious  construction,  this  engine  is  no  less  a  monument  of 
ignorance  than  of  magnificence. 

It  is  probable  Rannequin  thought  his  moving  force  would  not 
be  sufficient  to  raise  the  water  to  the  height  of  533  feet,  at 
once ;  but  this  is  not  agreeable  to  theory :  for  a  proper  calcula- 
tion would  show  that  the  force  of  one  crank  is  more  than  suf- 
ficient to  raise  a  cylinder  of  water  of  that  altitude,  and  above  8 
inches  in  diameter.  To  efiect  this  with  safety,  however,  the 
construction  of  the  machine  must  be  varied  in  several  respects^ 
But  even  according  to  the  present  construction,  the  water  might 
be  raised  in  one  jet  to  the  second  reservoir.  This. is  manifest 
from  two  experiments,  one  made  in  1 738  and  the  other  in  1775. 
In  the  first  M.  Camus  endeavoured  to  make  the  water  rise  in 
one  jet  to  the  tower:  his  attempt  was  not  attended  with  success ; 
but  he  made  the  water  rise  to  the,^^  of  the  tower,  which  is 
considerably  higher  than  the  second  reservoir*  During  this 
experiment  the  machine  was  prodigiously  strained,  and  it  was 
found  necessary  to  secure  some  parts  of  it  with  chains.  The 
object  of  the  second  trial,  made  in  1775,  was  to  raise  the  water 
only  to  the  second  well.  It  indeed  ascended  thither  at  different 
times,  and  in  abundance :  but  the  pipes  were  exceedingly 
strained  at  the  bottom,  so  that  several  of  them  burst;  and  it 
was  necessary  to  suspend  and  recommence  the  experimen); 

*  This  is  very  far  from  the  price  which  the  king  of  Denmark  thought  he  might 
set  on  this  water;  for  that  prince,  when  he  visited  Marly  in  1769,  being  astonished 
at  the  immense  magnitude  of  the  machine,  the  multiplicity  of  its  movements,  and  the 
number  of  workmen  it  employed,  conjectured  that  the  water  probably  cost  as  much 
as  wine. 
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deverat  times.  This  however  arose  from  the  agc^  the  tubes 
and  their  want  of  strength,  a  fault  which  «ii^t  easHy  have 
been  remedied.  Hence,  it  re»a*ts  from  this  trial,  timt  the 
chains  whidh  prooeed  from  the  -river  *ot1ie  -first  weM  might  be 
sappressed,  tc^^berwith  the  *first  well  itself:  and  this  perhaps 
is  all 'that  is  'te  be  expected  "withoat  a  complete  change  in  the 
machinery*. 

MILL,  properly  denotes  a  machine  for  grinding  or  pol- 
arizing aubstances,  as  corn,  ^&c. ;  btrt,  in  «  jnore  general  sig* 
nifieation  is  now  applied  to  mofiiy  machines  whose  action  arises 
!««  great  tneasmre  trom  a  circular  motion.  Of  these  Hhere  are 
varioas  >kinds  -described  in  dMerent  parts  of  this  volume,  as 
?BttrA:-^'B,  !BorferV/?/i??,  Ftaa-miUy  Fhur^miU,  Foot^mttt^ 
ifand-miU^  Kneadinff^milly  OiUmiH^  Paper-mill,  Saw-mStj 
mde^ViiUy  Water-mill,  8^c. 

As  a  weH^ondtructed,  yet  theap,  &mlly«mill  carniet  but  be 
highly  useful  in  'many  parts  of  the  country,  we  Aall  iere  pre- 
sent a  ^description  of  the  Famib/-^m&l  amd  BoUer  of  Mr.  T. 
RustaH,'df  Pttrbro6k->lieath,  near  Portsmouth,  Who  receimi 
a  premium  of  40  guineas  from  the  Socnety  df  Arts  for  Us  in- 
^entienf. 

In  pi.  XX.fig.-4.  A,is  theliandle  flif  the  mill ;  b,  one  of  the 
millstones,  'Whidi  is  about  ?0  inches  in  diameter,  and  5  inches 
in  thickness,  moving  mth  its  axis* c:  D,is'the other TnHl-ston<^, 
which,  ^vhen  in  use,  is  stationary ;  'btlt  whidh  may  be  placed 
*ieftr 'tOj'Or  at;a  distance  from,  thcmoveable  stone  b,  fcy  means 
df -three  screws  passing  through  the 'wooden  block  is,  that  «np- 

Jorls^ofle  end  of  the  axis  c ;  after  it  has  been  put  through  a 
ole  »or  ^perforation  in  the  bed  stone.  The  grain  likwise  passes 
through  this  perforation  from  the  hopper  f,  into  the  mill,  f, 
represents  the  hopper,  which 'is  agitated  by  two  iron  pins  on 
the  axis  c,thaft  alternately  raise  the  vesselcontaintng  the  grain, 
whieh  agein'sinks'by  its  own  weight.  In  consequence  dT  this 
motion  the  corn  is  conveyed  ^through  a  spout  that  passes  from 
wacih  <bopper4nto  the  centre  of 'the  mrll'behind,  and  through  the 
bed  stone  o.  o/a  paddle,  regulating  the  quantity  <S^  corn  tobe 
d^ivered  to  the  mill;  and,  by  raismg  or  lowering  which,  a 
farger*  or  smaller  proportion  df^grain  may  be  furnished :  u,  the 
receptacle  for  the  flour,  into  which  it  falls  from  the  mfll-stones, 
when  ground:  ijTepresentsone  of  thetwo  wooden  supporters 
on^whii^h  the  'bedstone,  n,  rests.     These  are  screwed  to  the 

^  M.  Hacbette  informs  us»  Traits  Elemeniairc  des  Machines,  p.  105,  that  IUb 
naehine,  after  having. stood  128  years,  is  now  in  an  irreparable  state  of  ruin. 

t  Mr.  Ru&tall  engages  to  furnish  the  whole  apparatus,  and  deliver  it  free  of,  oairingey 
in  London,  for  the  moderate  ftr'ice  of  f went y  gynncas. 


block^  E,  and  likewise  mortised  into  the  lower  frame-work  of 
tlie  mill  at  x,  wliich  is  connected  by  means  of  the  pins  or  wedges 
Ly  L,  L,  that  admit  the  whole  mill  to  be  easily  taken  to  pieces : 
My  a  %-wheel,  placed  at  the  furthest  extremity  of  the  axis  c^ 
and  on  which  another  handle  may  be  occasionally  fixed;  k,  a 
small  rail,  serviogto  >keep  the  hqpper  in  its  places  the  further 
|)art  of  such  hopper  resting  on  «  small  pin,  whic)i  admits  of 
sufficient  ntotiom  for  that  vessel  to  shake  forward  the  corn :  o^ 
a  spur-rail,  for  strengibening  the  frame- work  of  the  mill ;  p^ 
the  front  upright,  that  is  mortised  into  the  frame-work,  and 
serves  as  a  rest  for  the  end  of  the  iron  axis  c,  which  is  n^ct  to 
thehandle.  On  each  (extremity  of  suchaxis  there  is  ashoulder, 
which  keeps  it  steady  in  its  place.  Lastly^  there  is  a  clodi4iood 
fixed  to  a  proad  Wooden  hoqp,  which  is  placed  ovar  the  stones 
while^  working,  to  prevent  the  finer  particles  of  flour  from 
escaping. 

IPjtg.  5.  represents  the  bolter,  with  its  frcmt  removed,  in  order 
todisplagjr  its  interior  structure^  the  machine  being  3  feet  10 
inched  in  length,  lO^^P^^i^^i^  breadth,  and  18  inches  indqplh. 
A,is  a 'moveable  partition,  sUding:  about  four  feet  backwards  or 
forwards,  from  the  centre  of  the  box,  upon  two  wooden  ribs, 
which  are  fixed  to  the  back  and  front  of  the  box,  and  one  of 
wirich  is  delineated  at  the  letter  b  ;  c,  the  lid  of  the  bolter, 
repres^ted  open;  d,  a  slider,  whic^  is  moveable  in  a  groove 
.made  in  the  Hd,  by  means  of  two  handles  on  the  hack  of  such 
lid  y  B,a  forked  iron,  fixed  in  the  slider  b,  and  which,  when  the 
lid  is  shut,  takes  hold  of  the  edge  of  the  sieve  t,  and  moves  it 
backwards  and  forwards  on  the  wooden  ribs  b,  according  to  the 
agitation  of  the  slider;  6,  represents  a  fixed  partition  in  the 
lower  centre  of  the  box,  which  it-divides  into  two  parts,  in  order 
to  s^arate  the'fine from  the coarsefiour;  from  this.partition 
the  slider  a  moves  each  way-about  four  indies,  and  thusaffi>rd$ 
room  for  working  the  sieve:  h,  a  board  that  is  parallel  to  the 
^bottom  of  ihe  bolter,  and  forms,part  of  the  slider  a,;  this  board 
serves  to. prevent  ^ny  of  the  sifted  matter  from  falling  into  the 
(Other  partition:  i,'repre8ents'two  of  the  back  feet,  iraich  sqp- 
port  tiie^bolter. 

Fig.  is.  of  the  plate  above  mentioned  is  a  view  of  the  top,  or 
upper  part,  of  the  lid  of  the  bolter  $  k,  the  slider  that  moves 
the  hmgthwise  of  the  bolter  ;-{>,L,  the  handles,  by  which  .the 
sbder  is  worked.;M,  a  sorew,serving  to  hold  the  fork,  which 
imparts,  motion  to  the  sieve. 

Fig.  7.  represents  the  forked  iron,- eu  separately  from  the  lid. 

Both  the  mill  and  bolter  may  be  constructed  at  a  moderate 
expense,  and  they  occupy  only  a  small  space  of  ground.^  The 
former  may  even  be  worked  in  a  public  kitchen,  or  within  a 
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room  in  a  farm-house,  without  occasioning  any  great  incum- 
brance. 

The  particular  excellence  of  the  mill  consists  in  this  circum- 
stance, that,  from  the  vertical  position  of  its  stones,  it  may  be 
put  in  action  without  the  intervention  of  cogs  or  wheels.  It 
may  be  employed  in  the  grinding  of  malt,  the  bruising  of  oats 
for  horses,  and  for  making  flour,  or  for  all  these  purposes :  it 
may  likewise  be  easily  altered;  so  as  to  grind  either  of  those 
articles  to  a  greater  or  less  degree  of  fineness. 

Another  advantage  peculiar  to  Mr.  RustalPs  contrivance  is, 
that  one  man  is  sufficient  to  work  it;  though,  if  two  persons, 
namely,  a  man  and  a  boy,  be  employed,  they  will  be  able  to 
produce,  in  the  course  of  two  hours,  a  quantity  of  flour  suflicient 
to  serve  a  family,  consisting  of  six  or  eight  persons,  tor  a  whole 
week : — ^^repeated  satisfactory  trials  have  proved  that  this  mill 
grinds  the  corn  completely,  and  at  the  rate  of  one  bushel  of 
wheat  within  the  hour.  Besides,  the  industrious  farmer  will 
thus  be  enabled  to  make  comparative  experiments  on  the  quality 
of  his  grain,  and  may  furnish  himself,  at  a  trifling  expense,  with 
flour  ^om  his  own  wheat,  without  apprehending  any  adultera- 
tion ;  or  without  being  exposed  to  the  impositions  or  caprice 
of  fraudulent  and  avaricious  millers. 

Lastly,  though  Mr.  R.'s  bolter  be  more  particularly  calcu- 
lated for  sifting  flour,  it  may  also  be  applied  to  various  other 
useful  purposes,  and  especially  with  a  view  to  obviate  the  incon- 
veniences necessarily  attendant  on  the  levigation  of  noxious 
substances,  and  to  prevent  the  waste  of  their  finer  particles. 

The  subject  of  mill- work  has  engaged  the  attention  of  many 
authors  in  different  countries :  the  following  is  a  catalogue  of 
the  chief  writings,  both  theoretical  and  descriptive. 

Kiinstliche  abriss,  allerhand  wasser-  wind-  ross-  und  band- 
muhlen,  &c.  von  Jacob,  de  Strada  a  Rosberg.     1617. 

Georff  C hristoph  Luerner  Machina  toreutica  nova;  oder^ 
beschreiDung  der  neu  erfundenen  Drehmiih)en.     1661. 

Theatrum  machinarum  novum ;  das  ist,  neu  vermehrter 
Schauplatz  der  mechanischen  Kiinste,  handelt  von  allerhand 
wasser-  wind- ross-  gewicht-und  hand-  muhlen.  Von  Oeo.  And. 
Bocklem.  1661. 

Contcnta  discursus  mechanici,  concernentis  descriptionem 
optimse  formse  velorum  horizontalium  pro  usu  molarum,  nee 
non  fundamentum  inclinatorum  velorum  in  navibus,  habita 
coram  Societate  Regia,  a  R.  H.  translata  ex  coUectionibus 
philosophicis  M.  Dec.  num.  S.  pa.  61.  1681. 

Dissertatio  historica  de  molis,quam  prseside  Jo7t,Phil.  Treuer. 
defend.  Jo.  Tob.  MUktterger  Ratisbonens.  Jenae.  1695. 

Martin  MarietCs  Wiskundige  beschouwinge  der  wind — of 
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wadermoolens,  vergeleken  met  die  van  den  heer  Johann  Lu^ 
hfs.  Amsterdam.   1700. 

Vollstandige  miihlen-baukunst^  von  Leonhard  ChriMoph, 
Sturm.  1718. 

Jacob  LeupolcTs  Theatrum  machinarum.  17^^  17^. 

Remarques  snr  les  aubes  ou  pallettes  des  mouUns,  et  autres 
machines  mues  par  le  courant  des  rivieres.  Par  M»  Pitot,  mem. 
Acad.  Hoy.  Paris.     17^. 

Joh.  van  Zyl  theatrum  machinarum  universale,  of  groot 
algemeen  moolen-bock,^&c.     Amsterdam.  1734. 

Jo.  CaraL  Totens  Disser.  de  machinis  molaribus  optima  con- 
streiindis.  Lugd.  Batav.  1784. 

Knrze^  aber  deutliche  anweisung  zur  construction  der  wind- 
und  wasser-muhlen,  von  Gottfi\  Kindeiiing.  1735. 

Desaguliers*s  Experimental  philosophy.  1735, 1744. 

Architecture  hydraulique,  par  M.  Belidor,  1737,  1758. 

Part  of  a  letter  from  Mr.  W.  Anderson,  F.  R.  S.  to  Mr. 
Baker,  F.  R.  S.  containing  a  description  of  a  water-wheel  for 
mills  invented  by  Mr.  Philvp  Williams.  Phil.  Trans,  vol.  44. 
1746. 

Leonh.  Euler%  De  constructione  aptissima  molarum  alatarnm 
diq).  Nov.  Com.  Acad.  Petrop.  tom.  4. 1762. 

M^moire  dans  lequel  on  demontre  que  Teau  d'nne  chute 
destin6e  k  faire  mouvoir  quelque  machine,  moulin  ou  autre, 
pent  toujonrs  produire  beaucoup  plus  d^effet  en  agisisant  par 
son  poids  qu'en  agissant  par  son  choc,  et  que  les  route  ft  pots 
qui  tournent  lentement  produisent  plus  d'e£fet  que  celles  qui 
tonrnent  vite,  relativement  aux  chiites  et  aux  d^penses*  Par 
Jf.  de  Pardeux,  Acad.  Roy.  Paris,  1756. 

Jo.  Albertt  Etderi  Enodatio  questionis :  quo  modo  vis  aquas 
aliusve  fluidi  cum  maximo  lucro  ad  molas  circumagendas,  aliav^ 
opera  perficienda  impendi  possit,  praemio  h  societate  Regia; 
Sci.  Gotting.  1764. 

Recherches  plus  exactes  sur  I'efiet  des  moulins  4  vent,  pat 
M.  Euler.  Hist.  Acad.  Roy.  Berlin.  1756. 

An  experimental  inquiry  concerning  the  natural  powers  of 
wind  and  water  to  turn  mills  and  other  machines  depending 
on  a  circular  motion.  By  Mr.  J.  Smeaton^  F.  R.  S.  Phil.  Trans. 
1759.  > 

[Abstracts  of  this  and  Mr.  Smeaton's  other  papers  on  water 
and  wind-mills  have  been  given  in  book  iv.  of  our  first  volume, 
and  the  Introduction  to  this.  They  were  collected  and  ptiblished 
by  Taylor,  Holborn,  in  1794.] 

M^moire  dans  lequel  on  prouve  que  les  aubes  roues  miies 
par  les  eourans  des  grandes  rivieres  feroient  beaucoup  plus 
d^'effet  si  elles  6toient  inclinees  aux  rayons,  qu>lles  ne  font  6tant 
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appliquto(.coi4re  les  rayons  npiemes,,  comiae  cllcs  Ic  soirt  uux 
moulins  pendans  et  aux  moulius  sur  tvUeaux  qa\  sont  sur  1^ 
riv^ves  w  Seiii«>  de  IMburnOj,  d(9  Loir^  &c.  Par  M.  de  Par- 
ciewcj  mem.  Acad.  Roy.  Paris.  1759* 

Joh.  Albert  Euler*$  AbbanjiUuM'  van  der  bewegung  ebener 
ttitbeia,  wean  tm.  vom  wkidle  getvi^n  werden.  1765. 

Scbauplatz  d^  mechaoi^cbeQ  n^^iibleiibaues^  dariimen  von 
verschieaenen  hand-  trett-  ross-  ge.wicht-  w^sser-  und  wind- 
iBMAbleii  gehand^lt.  win^  duurcjb.  Jwvm  George,  Scopp  I.  C.  iter 
Theil.  1766. 

TbeaHf  tim  maAblnamm  Qio}«riui%  od^r  schauplatz  der  aiii- 
blenbaukunst  als  der  neunte  theil  yop  de«  ee)  he|*n  Jac,  L£%h 
poUk  tbeaira  fn^K^inaruefty  v<w  Jok^.  Mathiasi  lifgem,  1767, 
J  788,  1808. 

A  memoir  cofXQemiM  the  mo^t  fulvantageous  construction 
of  wat^.wheeb*  &c,  by  Mr,  Mo^t^^  qf  Qq]|i^y^«  Phil.  Trans. 
1767. 

M^moire  mx  le&  ronea  hydrauUoi^^^par  M-  le  ChevaUer  db 
Bortkh  Qit^iA*  Ac«d-  Boy^  Jraria.  17G7« 

Kurzer  unterricbt^  allerley  arten  von  wind-und  wasser-miiblep 
wif  dieyorthoUbaft^te  wdiseztt  erbaiiei^n^bfteinig^  gedan^en 
Uber  die  verbesserwg  d^  raderwQrkii  m  dm  miwlen,  vpn 
jQhK9niff.  1767. 

G*  G.  BUc^qf^  B^ytragQ  rar  matb^i^  dur  iBMhlen.  1767' 

Sur  la  position  dm  aile«  de^  monlim  ^  ^mU  jyAlenUterl 
Opu9c«  maibeiQa.  t/orn^  $%    ll768t 

Det«rminatioo  g^n^jrale  d^  V^^t  dw  rog^  mu^  p^x  l^ 
cboc  de  reAv,  par  M*  T^bb^  Bomik  iB#nv  A<^*  Hoy*  Pfkri$» 

1769. 

AnA^Oft  K^ffifoenhqfef^J^eaOiQhe  «bhandliing  vc^deii  rad^rn 
der  waMcsrmiihlen,  und  vm  d«m^inrmd%m  Yf^vk^  d^  ^w\- 
demiUileo.  1770, 

Manuel  da  meunier  et  du  charpentier  d^  pipidi9lfb  ^^'^^^^ 

R^marques  sur  lee  moulins  k  vent,  par  M»  lAfnbert 

R4marque9  8ur  1^  moulins  et  autre^  niApbine^,  p^  Teau 
lombe  en  dessu^  de  la  roue>  par  M,  jMwibertp 

£!i|>ericnce  et  remarque^  pur  lesi  inoulins  que  Teau  nieut  par 
en  bas  dans  une  direction  horizontale,  par  m,  Lambert, 

Rimarquea  sur  las  mpulins  et  autres  machines  dont  les  ropes 
prennant  Feau  ^  une  certaine  hauteur,  par  Jd»  Lambert. 

{The  last  fi>ur  article  are  inserts  in  Hen^f  A<^r  Roy. 
Berlin.  1775.] 

Of  the  d^ees  and  quaotiiiep  of  winds  requi^  to  move  the 
heavier  kinds  ()fwind^macbi»^by/<^;»  Sie^fmmfh  M^D*  PbU. 
Trans.  1777. 
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AuftfuhrMcbeerkl'firungder  vorschlage  fiir  die  laogefe  dauer 
der  muhlenw€rke,Bebst  aonlicheD  gegenstaDdeii,.in  eiu  gesprach 
verfawet^  von  Johaim  Christian  FUllmann^  Mublenmeister, 
1780. 

ObservatLotis  tla^orique»^  et  experini«n tales  sur  TefFet  des 
mcHftlufe  k  vent,,  et  sur  la  figure  de  leuT&  ailes».par  M»  Coubinib^ 
mem.  Acad^  Roy^  Paris*  17B1. 

Tratodo'>i^  losg;raiK>s  y  qumIo  de  molerlos  con  eGononMa,  de 
la  eonaevvacion  de  astos  y  de  las  hairnaa;  escr.en.  Fr.par  M* 
BeguilUlj  y  extract,  y  trad*  al  Cast,  cou  algua  notas  y  un  &up^ 
plefii.  per  Fh*  MarescoMkhi,    1786. 

Siiile  de  Tarchitecture  liydraulique^  par  M.  Fabre.  1786. 

MeoKHreasiir  lea  moyenside  per^tionner  lea  moulins^etla 
motttufe  icohomimie,  par  C-  Buequet,  1786« 

Mailuel  Ott  yocwulaire  des  mouUns  -k  pot  A  Amst  1786. 

XMe  notbig^iteo  kenntDisse  zur  anlegimg^  beurtheilun^  und 
berecblittiig  der  wassermiibleni  und  zwar  der  inahl-  oehi-  und 
^ge-miihlen,  siir  anfanger  und  liebhaber  dec  miihlenbaukunst, 
voti  Joh.  Christ.  Huth.    1787. 

An  es$aj  proving  irod  far  superior  to  stone  of  any  kind  for 
br^akiti^  aad  grinding  of  corn,  &G.by  W.  Walton.    1788. 

Miihi^{Nraktiky  oder  unterricht  in  detti  mahlea  der  brod- 
frikbt^  fur  iioU^eybeamte^  gaverksleute  und  hauswirtbe^  von 
L.Ph.Hahn,    1790. 

The  young  milLwrigbl  and  miUer's  guide,  by  Oliver  Evans. 
PhfladelphiaT    1790. 

Maiiuel  du  tt^ueDiet*  et  du  constructeur  dea  moulins  a  eau  et 
i  graida^par  C,  Bucquet*    1791* 

f  raktiscba  anw^ung  zum  milblenbau,  von  Lr,  Clausm. 
1792. 

Besdumboiigzwrir  mascbinen^uir  reinigungdes  korQs,voa 
Lr.  Ciauien*     nd^* 

InfetruodobB  sur  Tusagedes  moulins  d  bras^  inventes  etper- 
fecdoDU^  par  les  Citoyens  Dttrand  p^re  et  fils.  mecazuciens. 
1Y93.  / 

Theoretkch^raktische  abhandlung  liber  die  besaerun^  der 
UMihlrader  von  dem  verfasser  de  zweekmassigen  luftreiniger^ 

A  treatiae  on  mills,  in  fourpairts,  by  John  Banks.  i79^« 
Huidbiidt  der  niascbinenlebrei  sur  praktiker  und  akade* 

ttiisobe  lehr^^  von  Karl  Christian  Langsdorf.  1797, 1799* 
On  tbe  power  of  aaachines :  including  Barker^s-milli  West- 

fgtMk^s  engine^  CooperVniill,  horizontal  water-wheel^  &c,  by 

Jokn  Banks,,     1803. 

.    The  experienced  millwright,  by  Andrew  Gray^  millwright. 

1 804. 
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Practical  Essays  on  Mill  Work,  and  other  Machinery,  and 
on  the  Shafts  of  Mills,  by  Robertson  Buchcmany  Civil  Engineer, 
1814.  A  new  edition  of  this  useful  work  has  been  recently 
published,  with  great  improvements,  by  Mr.  Tredgold. 

The  Transactions  of  the  Society  of  Arts  and  Manufactures ; 
several  of  the  volumes  of  which  contain  improvements  in  mill- 
work.     See  also  the  Repertory  of  Arts,  in  various  places. 

MULLERS  for  grinding  colours,  according  to  the  common 
construction,  are  too  well  known  and  too  simple  to  need  a  par- 
ticular description  here.  But  Mr.  James  Rawlinson,  of  Derby, 
has  invented  a  concave  muUer,  for  which  the  Society  of  Arts 
presented  him  a  silver  medal  and  ten  guineas,  on  account  of  its 
ingenuity.  He  has  used  his  machine  for  several  years,  and  has 
found  it  much  more  effectual  and  expeditious  in  reducing  the 
colour  to  extreme  fineness  than  the  usual  method,  and  much 
less  injurious  to  the  health  of  the  workman,  who  frequently  has 
done  as  much  with  it  in  three  hours  as  he  could  in  twelve  with 
the  muUer  and  slab. 

The  machine  consists  of  a  fiat  cylinder  of  black  marble,  six- 
teen inches  and  a  half  diameter,  and  four  and  a  half  thickness, 
with  an  axle  traversing  its  centre  (thus  somewhat  resembling  d 
common  cutler^s  grindstone).     It  is  suspended  on  a  simihr 
frame,  in  a  vertical  position,  and  turned  round  in  the  same  man- 
ner by  a  winch :  a  concave  piece  of  marble  is  provided,  of  the 
same  breadth  as  the  circular  stone,  forming  a  s^ment  of  the 
same  circle  one  third  of  the  circumference  in  extent :  this, 
which  may  be  considered  as  the  muller,  is  fitted  into  a  piece  of 
solid  wood  of  similar  shape,  one  end  of  which  is  secured  loosely 
by  a  hinge  or  otherwise  to  the  frame ;  the  other  end,  rising  over 
the  circmar  stone  and  supported  by  it,  is  further  pressed  down 
on  it  by  a  long  spring  bent  over  from  the  opposite  extremity  of 
the  stand,  andregulated  as  to  its  pressure  by  a  screw,  whose  end 
turns  against  the  concave  muller:  a  slight  frameof  iron  in  front, 
moveable  on  a  hinge,  b^  which  it  is  secured  to  the  fraroe^  sup- 
ports a  scraper,  for  taking  off  the  colour,  formed  of  a  piece  of 
watch-spring,  which  is  turned  back  out  of  the  way  when  not  in 
use.      Mr.  K.  thinks  the  circular  grindstones  might  be  made 
much  larger  than  he  used,  to  advantage,  and  that  one  of  two 
feet  diameter  would  not  occasion  too  much  labour  to  one  man 
to  turn  it :  he  computes  that  in  his  machine  there  are  seventy 
square  inches  of  surface  of  the  concave  muller  in  constant  work 
on  the  paint,  while  in  the  common  muller  not  more  than  six- 
teen square  inches  are  usually  in  contact  with  the  slab.    The 
machine  will  be  found  equally  serviceable  for  the  colours  ground 
in  water  as  for  those  prepared  with  oil,  according  to  Mr.  R., 
who  highly  recommends  its  use  to  all  colourmen. 
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Mr.  R.  advises,  in  making  up  the  colours  in  bladders,  toin'^ 
sert  a  bit  of  quill  or  reed  in  the  neck  of  the  bladder,  which  wiU 
thus  bind  better  in  tying;  and,  admitting  of  a  secure,  stopper, 
will  be  more  cleanly  ana  less  wasteful  than  the  usual  method  of 
stopping  with  a  nail,  and  keep  the  colour  more  safe  from  the 
air.     (Retrospect,  &c.  No.  I.) 

NORIA.     See  HYDRAVLic-machines^  No.  3. 

ODOMETER,  a  miechanical  contrivance  for  measuring  the 
way  passed  over  by  a  carriage.  An  apparatus  of  this  kind,  by 
Mr.  R.  L.  Edgworth,  may  be  easily  attached  to  the  axle-tree 
bed  of  a  post-chaise,  gig,  or  any  other  carriage.  One  turn  and 
a  half  of  a  screw  is  formed  round  the  nave  of  one  of  the  hinder 
wheels  by  a  slip  of  iron,  which  is  wound  round  the  nave,  and 
fastened  to  it  by  screws  passing  through  five  or  six  cocks,  that 
are  turned  up  at  right  angles  on  the  slip  of  iron.  1  he  helix  so 
feimed  on  the  nave  of  the  carriage-wheel  acts  as  a  worm  or 
screw'  upon  the  teeth  of  a  wheel  called  a,  which  should  have 
^  teeth,  if  the  carriage-wheel  be  5  feet  3  inches  in  circum- 
ference. On  the  arbor  of  the  wheel  a  there  is  a  brass  endless 
screw  called  b,  which  acts  upon  a  brass  wheel  jc  of  80  teeth  ; 
this  latter  wheel  serving  as  a  dial  plate,  and  is  divided  into  miles, 
halves,  quarters, and  furlongs.  The  figures  indicatijig  the  miles 
are  nearly  |  of  an  inch  long,  so  as  to  be  quite  distinct  ^  they  are 
pointed  to  an  index  which  projects  from  a  fixed  point  a  little 
way  over  the  plate,  in  such  a  manner  as  to  be  easily  seen  from 
the  carriage,  as  well  as  the  figures  passing  successively  beneath 
it.  The  two  brass  wheels  a  and  c  are  mounted  by  irons  with 
pivots  upon  a  rectangular  block  of  wood,  which  is  to  be  screwed* 
upon  the  axletree  bed,  and,  if  the  carriage  permits,  in  such  a 
manner  that  the  dial-plate  may  front  the  eye  of  the  person  who 
looks  from  the  carriage. 

There  is  a  ratchet-wheel  attached  to  the  arbor  of  the  wheel 
A,  which  by  means  of  a  click  allows  the  wheel  to  be  set  with  a 
key  or  handle  fitted  to  the  square  end  of  the  arbor.  There  are 
two  springs,  one  adapted  to  the  wheel  a,  and  the  other  to  the 
dial-plate  wheel  c,  to  prevent  them  from  shaking  by  the  motion' 
of  the  carriage. 

Such  an  apparatus  will  estimate  distances  for  5  miles,  iand 
an  additional  wheel  of  81  teeth  would  render  it  fit  to  count 
40Q  miles.  If  the  carriage-wheel  be  either  larger  or  smaller 
than  5  feet  3  inches  in  perimeter,  it  will  still  be  easy  to  adapt 
an  odometer  to  it. 

OIL-MILL,  a  mill  for  expressing  the  oils  from  fruits,  or 
grains,  &c.  As  these  kingdoms  do  not  produce  the  olive,  it 
would  be  needless  to  describe  the  mills  which  are  employed  in 
the  southern  parts  of  Europe.     We  shall  content  ourselves, 
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tberefore,  with  a  description  of  a  Dutch  oil-mill,  employed  for 
grinding  and  pressing  lint-seed,  rape-seed,  and  other  oleaginous 
grains.  Further,  to  accommodate  our  description  stiU  more  to 
our  local  circumstances,  we  shall  employ  water  as  the  first 
mover ;  thus  avoiding  the  enormous  expense  and  complicatioiii 
of  a  windmill. 

In  plate  XXI.  fig.  a. 

1.  Is  the  elevation  of  a  wheel,  over  or  under-shot,  as  the 
situation  may  require. 

2.  The  bell-metal  socket,  supported  by  masonry,  for  receiving 
the  outer  gudgeon  of  the  water-wheel. 

3.  The  water-course. 

Fig.  B.  . 

1.  A  spur-wheel  upon  the  same  axis,  having  52  teeth. 

g.  The  trundle  that  is  driven  by  No.  1.  and  has  78  staves. 

.3.  The  wallower,  or  axis  fur  raising  the  pestlefl.  It  is  fur-, 
nished  round  its  circumference  with  wipers  for  lifting  the  pes^ 
ties,  so  that  each  may  fall  twice  during  one  turn  of  the  water- 
wheel,  that  is,  three  wipers  for  each  pestle. 

4.  A  frame  of  timber,  carrying  a  concave  half-cylinder  of 
bell-metal,  in  which  the  wallower  (cased  in  that  part  with  iron 
plates)  rests  and  turns  round. 

5.  Masonry  supporting  the  inner  gudgeon  of  the  water-wheel 
and  the  above  mentioned  frame, 

6.  Gudgeon  of  the  wallower,  which  bears  against  a  bell- 
^metal  step  fixed  in  the  wall.  This  double  support^of  the  wal- 
lower is  found  to  be  necessary  in  all  mills  whicn  drive  a  number 
of  heavy  stampers. 

Fig.  c,  is  the  elevation  of  the  pestle  and  press-frame,  their 
furniture,  the  mortars,  and  the  pres&-pestles. 

1.  The  six  pestles. 

2.  Cross  pieces  between  the  two  rails  of  the  frame,  forming, 
with  these  rails,  guides  £>r  the  perpendicular  motion  of  the 
j)estles. 

S.  The  two  rails.  The  back  one  is  not  seen.  They  are 
checked  and  bolted  into  the  standards  No.  12. 

4.  The  tails  of  the  lifts,  corresponding  to  the  wipers  upon 
the  wallower.     See  the  article  Wiper, 

5.  Another  rail  in  front,  for  canning  the  detents  which  hold. 
up  the  pestles  when  not  acting.     It  is  marked  14  in  fig.  m. 

6.  A  beam  a  little  way  behind  the  pestles.  To  Uiis  are 
fixed  the  pulleys  for  the  ropes  which  lift  and  stop  the  pestles. 
It  is  represented  by  16  in  fig.  ai. 

7.  The  said  pulleys  with  their  ropes. 

8.  The  driver,  which  strikes  the  wedge  that  presfiies  the 
oil. 


■ 

9.  The  discharger,  a. stamper  which  strikes  upon  th^  inverted 
wedge,  and'  loosens  the  press. 

TQ.  The  lower  rail  with  its  cross  pieces,  fbrraing  the  lower 
guides  of  the  pestles. 

11.  A  small  cog-wheel  upon  the  wallbw^r,  for  turiiij^g  the 
spatuTa,  which  stirs,  about  the  oil-seed  in  the  chauffer-pan.  It 
has  2S  teeth,  and.  is  marked'  No.  6.  in  fig;  m. 

If:  The  four  standards,  mortised  below  into  the  block,, and 
above  into  the  joists  and  beams  of  the  buitding., 

19.  The  six  mortars  hollowed  out  of  the  block  itsell^  and'  in, 
sKape  pretty  much  like  a  kitchen  pot. 

^  14.  The  feet  of  the  pestles,  rou  nded  into  cylinders,  and  shod 
with  a  gi;eat  lump  of  iron. 

15.  A  board  behind  tfhe  pestles,  standing  on  its  edj^e^  butin-^ 
cfining  a  little  backwards.  There  is  such  another  in  front,  but 
not  represented  here.  These  foj;m  a  sort  of  trough,  which  pre- 
vents the  seed  from  being  scattered  about  by  the  fall*  of  the 
pestles,  and  lost. 

16.  The  first  press-box  (also  hollowed  out  of  the  block,  in 
which  the  grain  is  squeezed,  after  it  has  come  for  the  first  time 
from  below  the  mill-stones. 

IT.  The  second  press-box,  at  tfte  other  end  of  Che  block,  for 
squeezing  the  grain  after  it  has  passed  a  second  time  under 
the  pestles. 

18.  Frame  of  timber  for  supporting  the  other  end  of  the 
wallower,  in  the  same  manner  as  at  No.  4.  fig.  Bk 

19*  Small  cog-wheel  on  the  end  of  the  wauower,  for  giving 
motion  to  the  mill^stones*    It  has  28  teeth. 

20.  Gudgeon  of  the  wallower,  bearing  on  a  belt^metal  sockeC 
fixed  in  the  wall. 

£1.  Vessels  for  receiving  the  oil  from  the  press  boxes. 

Fiff .  D.  Elevation  and  mechanism  of  the  mill-stones. 

U  vprig'^t  shaft,,  carrying  the  great  cog-wheel  above^  and 
the  runner  mill-stones  below  in  their  frames 

t.  Cog-wheel  of  76  cogs,  driven  by  No.r  19.  of  fig,  c. 

31  The  frame  of  the  runners. 

4.  The  innermost  runner,  or  the  one  nearest  the  shaft 

5.  Outermost  ditto,  being  fwrtber  from  the  shaft. 

6.  The  inner  rake,  which  collects  the  ^ain  under  the  outer 
runner. 

7.  The  outer-rake,  which  collects  the  grain  under  the  inner 
runner.  In  this  manner  the  grain  is  always  turned  over  and 
over,  and  crushed  in  every  direction.  The  inner  rake  lays  ttie 
grain  in  a  slope,  of  which  fig.  o  is  a  section  ;  the  runner  flattens 
It,  and  the  second  rake  lifts  it  again,  as  is  marked,  in  fig.  r ;  so 
that  every  side  of  a  grain  is  presented  to  the  mill-stone,  md  the 
rest  of  thelegger  or  nether  mill- stone  is  so  swept  by  them,  that 

t2 


276  MACHINES. 

not  a  single  grain  is  left  on  any  part  of  it.  The  outer-ralce  is 
also  furnished  with  a  rag  of  clotn,  which  rubs  against  the  border 
or  hoop  that  surrounds  the  nether  mill-stone,  so  as  to  drag  out 
the  few  grains  which  might  otherwise  remain  in  the  corner. 

«8.  The  ends  of  the  iron  axle  which  passes  through  the  up- 
right shaft,  and  through  the  two  runners.  Thus  they  have  two 
motions :  1  mo,  A  rotation  round  their  own  axis ;  2do,  That  by 
which  they  are  carried  round  upon  the  nether  mill-stone  oa 
which  they  roll.     The  holes  in  these  mill-stones  are  made  a 
little  wide ;  and  the  holes  in  the  ears  of  the  frame,  which  carry 
the  ends  of  the  iron  axis,  are  made  oval  up  and  down.     This 
great  freedom  of  motion  is  necessary  for  the  runner  mill-stones, 
"because  frequently  more  or  less  of  the  grain  is  below  them  at  a 
time,  and  they  must  therefore  be  at  liberty  to  get  over  it  with- 
out straining,  and  perhaps  breaking,  the  shaft. 
.  9,  The  ears  of  the  frame  which  4ead  the  two  extremities  of 
the  iron  axis.     They  are  mortised  into  the  under  side  of  the 
'  bars  of  the  square  frame,  that  is  carried  round  with  the  shaft. 

10-  The  border  or  hoop  which  surrounds  the  nether  mill- 
istone. 

i  Land  12>.  The  nether  millstone,  and  masonry  which  sup- 
ports it. 

Fig.  x.  Plan  of  the  runner  mill-stones,  and  the  frame  which 
carries  them  round. 

1,1.  Are  the  two  mill-stones. 

3,  3,  3,  3.  The  outside  pieces  of  the  frame. 

4,  4,  4,  4.  The  cross-bars  of  the  frame  which  embrace  the 
upright  shaft  5,  and  give  motion  to  the  whole. 

.6, 6.  The  iron  axis  upon  which  the  runners  turn. 
7.  The  outer-rake. 
8. '  The  inner  ditto. 
Fig.  L,  Represents  the  nether  mill-stone  seen  from  above. 

1.  The  wooden  gutter,  which  surrounds  the  nether  mill- 
stone. 

2.  The  border  or  hoop,  about  six  inches  high,  all  round,  to 
.prevent  any  seed  from  being  scattered. 

3.  An  opening  or  trap-door  in  the  gutter,  which  can  be 
^^opened  ar  shut  at  pleasure.  When  open,  it  allows  the  bruised 
.-^grain  Collected  in  and  shoved  along  the  gutter  by  the  rakes  to 

pass  through  into  troughs  placed  below  to  receive  it. 

4.  -Portion  of  the  circle  described  by  the  outer  runner. 

5.  Portion  of  the  circle  described  by  the  inner  one.  By 
these  we  see  that  the  two  stones  have  different  routesTound  the 
^xis,  and  bruise  more  seed. 

6.  The  outer  rake. 

7.  The  inner  ditto. 
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8.  The  swetepi  making  part  of  tbe  inner  rake,  ocGa&ionally  l^t 
down  for  sweeping  off  all  the  seed  when  it  has  been  sufficiently 
bruised.  The  pressure  and  action  of  these  rakes  is  adjusted  by 
ilieans  of  wooden  springs,  which  cannot  be  easily  and  distinctly 
represented  by  any  figure.  The  oblique  position  of  the  rakes 
(the  outer  point  going  foremost)  causes  them  to  shove  the  grain 
invfards  or  toward  the  centre,  and  at  the  same  time  tp  tqm  it 
over,  somewhat  in  the  same  manner  as  the  mould-board  of,  a 
plough  shoves  the.  earth  to  tbe  right  hand,  and  partly  turns  it 
over.  Some  mills  have  but  pne  sweeper ;  and,  indeed,  there 
is  great  variety  in  th^  form  and  construction  of  this  part  of  the 
mechinerv. 

Fig.  M.  Profile  of  the  pestle  frame. . 
.  1 4  Section  of  the  horizontal  shaft. 

2.  Three  wipers  for  lifting  the  ptestles.     SeeWiPEia.  » 
.8.  Little  wheel  of  $18. teeth,  for  giving  motion  to  the  spatula* 
4.  Another  wheel,  which  is  driven  by  it,  having '^0  tejeth. , 

;  5.  HorizoDttal  axle  of  ditto^ 

6.  AnQther  wheel  on  the, same  axle,  having  13  teeth. 
?•  A  wheel  upon  the  upper  end  of  the  spindle,. buying  Ip 
teeth.  .  .  ' 

3.  Two  guides,  ill  w.hich  the  spindle  tufns  freely^  an^  so  that 
it  can  be  shifted,  higher  and  lower^ 

9.  A  leve^,  moveable  round  the  ^iece  No.  14.  and  having  a 
bole  in  it  at  9,  through  which  the  spindle,  passes^  turningfreely. 
The  spindle  has  in  this  place  a  shoulder,  which  rests  on  tfe 
bordjBr  of  the  hole  Q ;  sq  that.by  the.n^otion  of  this  Jever  tl^ 
.sfnndle  may  be  disengaged  from^  the  wheel-jvork.  at  plea^ui:^- 
I'bi^  motion  is  giyen  to  it  by  means  of  th^  lever  10,  IQ,  ;ca^y^ 
able  rpund.  its  middle.  The  workman  employed  at  th^  cha^ff^r 
pulk  at  therope  10,  11,  ariid  tbu^  disengages  t^^  spindly  an^ 
apatiila..  ..        .'.         ..  r  ;.  ,:    -,    >   ^ 

I1..A  pe$tl^;sedn  sidelvrise*     -   .:    ,. 

j    l£.'  Tbe  lift  ofdittOi  •:.     .    _   .  .':      .a     '•  •     .  * 

.  MS.. 'Jheupper  rp.ils,  niarkedNo^3.  ii\fig>.'C*    ,    .l*  :.5.j   :*i 

.  :H...Tbe  rail,  marked  iNo.  6.  ift  %..  c*  >  Tq  t^s  are  fij^^itW 

4eteii^,  which  vficaeve  to  st0p  ^nd  hplajuptbe  piestle&4 .    .  -  ^lii 

i  5,  A  detent,  which  is  moved  by  <<he  yope  at;  itSf  outefij^iwJ^i; 
.  16.  A  bracket  behind:  the  pestles,  hjaving;  a  pjill^y^  ^fmi^ 
which  passes :the  ropeigoing  to jbbedeteftt.  15.     ..,..;  <a:  I 

j7. The  said  pulley..  .;      ^  w.  . .  ni 

18.  The  rope  at  the  workman's  hand,  passing  through  the 
pulley  17,  and  fixed  to  the  end  of  the  detent  15.       , 

.  This  ^etent  naturally  hangs  perpendidutar  by  its  own  weight 
When  the  workman  wante  to.  atop  a  pestle^  he  pulls  at,tb«i>opo 
TO^dtiring  tberisi of  thepeitte.-   When  this is' at  it« gfea*«rt 
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ii^^t)  ^^deCent  is  liorfzonftal,  and  prevenfts  ittve  pestle  from 
'/attrng  hy  meansof  d  pin  prejeeting  from  the  side  of  the  p^6, 
vfhich  Defies  upon  the  Aetertt,  the  detent  itself  bein^  WM  «i 
fikett  'ptmiitm  trjr  bkching  tlie  loop  of  tbe  Fope  upon  «  pin  at4be 
woi'kman's  hand. 

W.  Ttife  two  lower  rails,  mai4ped  No.  10,  fig.  c 

^0.  Great  wooden,  and  sometmnes  stone,  Mock,  in  wlrieh 
the  moi^tars  'areformedj,  mBt4Bed  No.  'SI.  in  fig.  c. 

'  ?! .  Vessel  placed 'betow  the  press-boxes  for  receiving  ^iie^ofl. 

26.'ClnHiffer,  or  little.fimiaee,  for  warming  tbe  bruised  grain. 

'2S.  Backet  in  thefront of tl^e^eliaisiifer,  t»peri|ig  dowftwords, 
and  opening  below  in  a  narrow  slit.  The  hair  bags,  in  whidh  t^ie 
grain  is  to  be  pressed  after  kWs been  warmed  m  the'ch^^ifier, 
are  filled  by  placing  them  vn  tUis  t)ftdket  TWe  grain  is  lifted 
out  of  the  tshauflfer  with  «  4a(He,  xnd  >put  >tnto  these  4>Bgs  ,*  and 
a  good  qaaniity  of  oil  ^uns  from  it  tbrongii  tlie  isiil  «t  the  bot- 
tom 4tito  A  !9<e5sel  set  to  receive  it. 

24.  The  spatula  attached  to  the  lower  «nd  «if  the  spindle, 
and  turning  round  among  fhe  grain  in  die  chaiit&r-^n ;  thus 
prevefititig  it  fix>m  inking  to  the  boiUm  or  «ide»,  «nd  getting 
too  much  heat. 

'  ^Tlie  first  pait  of  tbe  process  at  »n  oilUmlU  is^bruisiilgthe  laieed 
under  the  runner  stones*.  l%at  jfiiis  ma^  be  moree^peditiously 
^done,  one  •ef  the  ninners  h  ^et  tfbotft  -Jids  of  its  own  tinckness 
iQearer  ^e  'shaft  than  the  lOther*  Thus  tbey  have  dtferedt 
iveadis;  and  the  grain,  wiifch  is  a  Ifttip  beapeci  towands  the«en- 
^e,4s'thus  bruised  'by  both.  Tfaelinner  rake  gaitfhers  it  up  under 
tile  "Outer 'Stone  Into^Tidge,  of  whidh  ^die  section  i^ropMssMked 
in  fAaie  XX  i.  iig.  o.  The  ^te^ne  passes  over  h,  and  flattens  it. 
'ft  'is  farthered  up  iigain  ftfto  a  ridge,  of  tbe  form  of  fig.  p,  UMkr 
'(be  inner  fitone,  by  the  outer  nake,  which  ^onrists  of  ibwo  part^. 
The  outer  part  presses  close  on  the  wooden  border  which  ssf^ 
rounds  the  nether  stone,  and  shoves  tliieseed'obit(]oe][^  in  wards, 
while  the  inner  part  of  this  rake  gathers  «p  whait  bud  spnead 
toward  the  centre.  The  o(i»€a:  rake  has  «  jorist  near  the  nnddle 
^'iU' lengthy  by  which  tbe  outer  half /of  h  >oan  be  raised  ftom 
the  nether  ^(one»  wMIe  the  inner  half  con  tin  tMS  {nres8iw4ni  it^ 
ai^  Ihos  scrapes  off  1!be  ihoibt  pMe.  Wlien  the  sead  is  suf- 
ittl^nrty  bnnsedytte'miUerietsdpwin  tbe  outer  end  ^iFibecKike. 
This  immediately  gad»ers  ^be  w^l0le  Baste,  and  idioviQs  h  bb- 
liguely  outwards  to  the  wooden  rim,  wWaiit  is  at  iast  brought 

.  ^Vf^j^Tf  tolcl,  t)iat  ifi  a  mill  11^  Rcichenhoflfen,  iy  Alsace,  a  considerable  io^pppve- 
thrift  h&s.be^n  mf^dd  by  patsii^  the  seed  t^tireen  two  amOl  iron ToHers,'b^n*  ^  h  put 
iliiltei'  ih0«)in.vu)*0^    A  greai  a^I  df <#i»k  ii  Mfid Ao4)a  .imti  ^thim^ttUtAtn^ 

prtf  ling  go  on  as  in  othtr  millc*  '^    • 
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to  a  part  ibat  is  left  uuboarded^  aad  it  falls  through  into 
troughs  placed  to  receive  it.  The  troughs  have  holes  in  tha 
bottom,  through  which  the  oil  drips  all  the  time  of  the  operation; 
This  part  of  me  oil  is  directed  into  a  particular  cistern,  being^ 
considered  as  the  purest  of  the  whole ;  bavin j^  been  obtained 
without  pressure,  by  the  mere  breaking  of  the  hull  of  the 
seeci* 

In  some  mills  this  operation  is  expedited,  and  a  much  greater 
quantity  of  this  best  oil  is  obtained,  by  having  the  bed  of 
masonry  which  supports  the  legger  formed  into  a  little  fbmac^ 
and  gently  heated.  But  the  utmost  care  is  necessary  to  prevent 
the  heat  from  becoming  considerable.  This,  enabling  the  oil  ta 
dissolve  more  of  the  fermentable  substance  of  tli«  seed,  expcfics 
the  oil  to  the  risk  of  growing  soon  very  rancid;  and,  in  generaJ^ 
it  is  thought  a  hazardous  practice,  and  the  oil  does  not  bring 
so  high  a  price. 

when  tne  paste  comes  from  under  the  stones  it  is  pat  into 
the  hair  bags,  and  subjected  to  the  first  pressing.  The  oil 
thus  obtained  is  also  esteemed  as  of  the  first  quality,  scarcely 
inferior  to  the  former,  and  is  kept  apart:  (the  great  oil  cistern 
beinff  divided  into  several  portions  by  partitions). 

Tne  oil  cakes  of  this  pressing  are  taken  out  of  the  baj^, 
broken  to  pieces,  and  put  into  the  mortars  for  the  first  stamping.: 
Here  the  paste  is  again  broken  down,  and  the  parenchyma  of 
the  seed  reduced  to  a  fine  meal.  Thus  free  egress  is  allowed  to 
the  oil  fi'om  every  vesicle  in  which  it  is  contained.  But  it  is 
now  rendered  much  more  clammy,  by  the  forcible  mixture  of 
the  mucilage,  and  even  of  the  finer  parts  of  the  meal.  When 
sufficiently  pounded,  the  workman  stops  the  pestle  of  a  mortar^ 
when  at  the  top  of  its  lift,  and  carries  the  contents  of  the  mo^ar 
to  the  first  chauffer  pan,  where  it  is  heated  to  about  the  tem- 
peratnre  of  melting  bees^wax  (thb,  we  are  told,  is  the  test),  apd 
all  the  while  stirred  about  bv  the  q>atula.  From  thence  it  i& 
again  put  into  hair  bags,  in  the  manner  already  described;  and 
die  oil  which  drips  from  it  during  this  operation  is  considered 
as  the  best  of  the  second  qualitv,  and  in  some  mills  is  kept, 
apart  The  paste  is  now  subjected  to  the  second  pressing,  and 
toe  oil  is  that  of  the  secoxid  quality. 

All  this  operation  of  pounding  and  heating  is  performed  by 
one  workman^  who  has  constant  employment  by  taking  the  four, 
mortars  in  suibcession.  The  putting  into  the  bags  and  conducting 
of  the  pressing  gives  equal  employment  to  another  workman* 

In  the  inffls  of  Picardy,  Alsace,  and  most  of  Flanders,  the 
opevatioo  en^s  here ;  and  the  produce  from  the  qhanfi^^r  is  iik* 
creased,  by  putting  a  spoonful  or  two  of  water  into  the  pan 
ammig  tha  paste. 
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But  the  Dutch  take  more  pains.   They  add  no  water  to  this 

?»aste  of  this  their  first  stamping.  They  say  that  this  greatly 
owers  the  quality  of  the  oil.  The  cskes  which  result  from 
this  pressing,  and  are  there  sold  as  food  for  cattle,  are  still  fat 
and  softish.  The  Dutch  break  them  down,  and  subject  them  to 
the  pestles  for  the  second  stamping*  These  reduce  them  to  an 
impalpable  paste,  stiff  like  clay.  It  is  lifted  out,  and  put  into 
the  second  cnaufFer  pan ;  a  few  spoonfuls  of  water  are  added,  and 
the  whole  kept  for  some  time  as  hot  as  boiling  water,  and  care- 
fully stirred  all  the  while.  From  thence  it  is  lifted  into  the  hair 
bags  of  the  last  press,  subjected  to  the  press;  and  a  quantity, 
of  oil  of  the  lowest  quality  is  obtained,  sufficient  for  giving  a 
satisfactory  profit  to  the  miller.  The  cake  is  now  perfectly 
dry,  and  bard,  like  a  piece  of  board,  and  is  sold  to  the  farmers. 
f«lay,  there  are  small  mills  in  Holland  which  have  no  other  em* 
ployment  than  extracting  oil  from  the  cakes  which  they  pur- 
chase from  the  French  and  Brabanters ;  a  clear  indication  of 
the  superiority  of  the  Dutch  practice. 

The  nicety  with  which  that  industrious  people  conduct  all 
their  business  is  remarkable  in  this  manufacture. 

In  their  oil  cistern,  the  parenchymous  part,  which  unavoid- 
ably gets  through,  in  some  d^ee,  in  every  operation,  gradually 
subsides ;  and  the  liquor,  in  any  division  of  the  cistern,  comes  to 
consist  of  strata  of  different  degrees  of  purity.  The  pump  swhich 
litt  it  out  of  each  division  are  in  pairs ;  one  takes  it  up  from 
the  very  bottom,  and  the  other  only  from  half  the  depth.  The 
last  only  is  barrelled  up  for  the  market,  and  the  other  goes  into 
a  deep  and  narrow  cistern,  where  the  dreg  again  subsides,  and 
more  pure  oil  of  that  quality  is  obtained.  By  such  careful  and 
judicious  pr€ictices,  the  Dutch  not  only  supply  themselves  with 
this  important  article,  butannually  send  considerable  quantities 
even  into  those  provinces  of  France  and  Flanders  where  they 
bought  the  seed  from  which  it  was  extracted.  When  we  reflect 
on  the  high  price  of  labour  in  Holland,  on  the  want  of  timber 
for  machinery,  on  the  expense  of  building  in  that  country,  and 
on  the  enormous  expense  of  wind-mill  machinery^  both  in  the 
first  erection  and  the  subsequent  wear  and  tear,  it  must  be  evi- 
dent, that  oil-mills  erected  in  Eneland  on  water  falls,  and  after 
the  "Dutch  manner,  cannot  fail  of  being  a  great  national  advan- 
tage. The  chatellanie  or  seigneurie  of  Lille  alone  makes  aii-» 
tlilially  between  30,000  and  40,000  barrels,  each  containing 
about  26  gallons. 

What  is  here  delivered  is  only  a  sketch.  Every  person 
aequainted  with  machinery  will  understand  the  geoeral  move^ 
ments  and  operations.  Bat  tlie  intelligent  mechanic  well  knows,. 
that  operations  of  this  kind  have  many  minute  circuQistaiice& 
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which  oiuinot  be  di&8cribed>  and  which,  nevei'theless,  may  have 
a  great  influence  on  the  whole.  The  rakes  in  the  bruisingi^iBiU 
have  an  office  to  perform  which  resembles  that  of  the  nand^ 
directed  by  a  careful  eye  and  unceasing  attention.  Words  can* 
notcommuniciUe  a  dear  notion  of  this;  and  a  mill,  constructed 
from  the  best  drawings,  by  the  most  skilful  workman,  may 
gather  the  seed  so  ill,  that  the  half  of  it  shall  not  be  bruised  aiier 
many  rounds  of  the  machinery.  This  produces  a  scanty  return 
of  the  finest  oil ;  and  the  mill  gets  a  bad  character.  I'he  pro^ 
prietcHT  loses  his  money,  is  discouraged,  and  gives  up  the  work* 
-T-There  is  no  security  but  by  procuring  a  Dutch  miU-wright, 
and  paying  him  with  the  liberality  of  Bpitonsw  Such  unhoped- 
for tasks  have  been  performed  of  late  years  by  machinery ;  and 
mechanical  knowledge  and  invention  are  now  so  generally  dif- 
fused, that  it  is  highly  probable  that  we  sboyld  soon  excel  our 
teachers  in  this  branch.  But  this  veir  diffusion  of  knowledge 
by  enoouri^ng  speculation  among  the  artists,  makes  it  a  still 
greater  risk  to  erect  a  Dvitch  oil-mill  without  having  a  Du$<^- 
man,  acquainted  with  its  most  improved  present  forpo,  to  <;on-? 
duct  the  work.  (Svpp.  Enc^clo.  Britan,)  i^notlier  description 
erf  an  oil-mill  may  be  seen  in  the  Pantot,o61a,  vol.  viii. 

Boring  of  ORDNANCE.  Till  within  a  few  years,  iroa 
ordnance  were  cast  with  a  cylindrical  pavity,  nearly  of  the  di- 
mensions of  the  caliber  of  the  piece,  which  was  afterwards  en- 
larged to  the  proper  caliber  by  means  of  steel-cutters  fixed  into 
the  dog-head  of  a  boring  bar-iron.  Three  equidistant  side-cMt- 
lers  were  requisite  to  preserve  the  caliber  straight  and  cylin- 
drical ;  and  &  single  cutter  was  used  at  the  end  c^  the  bar  to 
smooth  the  breach  of  the  piece.  In  boring  ordnance  caj^  hol^ 
low,  the  piece  was  fixed  upon  a  carriage  that  .could  be  n^oved 
•backwards  and  forwards  in  a  direct  line  with  the  centre. of  a 
water-wheel;  in  this  centre  was  fixed  the  boring-bar,  of  a  svif* 
ficient  length  to  reach  up  to  the  breech  of  the  piecQ,  or  more 
properly  to  the  further  end  of  the  calibNer.  The  carriage,  with 
the,  piece  being  drawn  backwards  from,  the  centre  of  t;he  w^ter- 
wheel  to  introduce  the  boring  apd  finishing  bars  and  cutters, 
it  is  then  pressed  forwards  upon  this  bar  by  means  of  levers, 
weights,  &c«  and  the  water-wneel  being  set  goings  the  bar  and 
fullers  are  turned  round,  and  clean  opt  and  smooth  the  caliber 
to  its  proper  dimensions. 

Experience  at  last  pointed  out  many  inconveniences  arisinff 
from  the  method  of  casting  guns  hoUolw,  aiid  widening  the  caU* 
bers  by  these  boring  bars.  For  the  body  of  iron  of  the  hollow^ 
gun,  being,  at  casting,  in  contact  with  the  core  that  made  the 
caliber  within-side,  and  with:  the  mould  without-side,  began  to 
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i^of^fdottdijte  towards  ttiese  sides  in  Ihe  first  place  sooner  than  in 
the  intermediate  space,  where  of  course  the  contraction  of  the 
iron  takes  place ;  by  which  means,  all  guns  cast  hollow  became 
more  or  less  spongy  where  they  ought  to  have  been  most  com- 
pact ;  and  numbeness  ca^fjes  irlso  were  created  round  the  cores, 
from  stagnated  air  generated  in  them,  which  were  too  deep  to 
be  -eut  out  by  the  boring. 

To  remedy  diese  defects^  iron  ordnance  as  well  as  brass  is 
now  univerfifally  cast  solid,  by  which  means  the  column  of 
metal  is  greatly  enlai^ed,  and  the  grain  more  compressed; 
and  the  contraction  becomes  in  the  heart  of  the  column,  end 
consequently  is  cut  out  by  the  perforation  f<)r  the  caliber. 

Guns  ane  bored  out  of  the  colid  reversely  irom  die  hollow 
method.  Vhe  piece  a  (pi.  XXI.)  is  placed  upon  two  standards 
BB,  by  means  of  two  journeys,  turnea  round  by  a  water-wheel; 
the  breech  d  being  introduced  into  the  central  line  of  the  wheel, 
with  the  muzzle  towards  the  sliding  carriage  e,  which  is  pressed 
forwards  by  a  ratch  f,  and  weights  in  the  same  way  as  the  gui;i«- 
carriage  was  in  hollo  w^boring.  Upon  this  sliding  carriage  is 
6xed,  truly  horizontal  and  central  to  the  gun,  the  driii-bar  o, 
to  the  end  of  which  is  fixed  a  carpus  tongue  drill  or  cutter  h; 
which,  being  pressed  forward  upon  the  piece  whilst  it  is  turning 
round,  perforates  the  bore,  which  is  afterwards  finished  witn 
bars  and  cutters  as  the  hollow  guns  were. 

The  machinery  for  boring  of  ordnance  is  sometimes  put  in 
motion  by  a  steam-engine :  and  in  this  way,  from  \S  to  24  great 
guns  have  been  boring  at  the  same  time;  the  borer  in  each 
piece  being  brought  up  to  its  proper  place  in  the  gun,  by  a  lever 
and  weights.  In  this  method  of  bringing  «p  the  mrer  the  pres- 
sure may  always  be  made  equable,  and  nie  motion  of  the  borer 
regular ;  but  tne  disadvantage  is,  that  without  due  attention  the 
borer  may  work  up  too  far  towards  the  breech,  and  the  piece  be 
foiled.  In  the  Royal  Arsenal  at  Woolwich,  only  one  piece  is 
bored  at  u  time  in  the  same  mill :  the  gun  to  be  bored  lies  with  iti 
axis  parallel  to  the  horizon,  and  in  that  position  is  turned  round 
its  axis  by  means  of  wheel-woric,  moved  by  one  or  more  horses. 
The  borer  is  laid  as  abovedescribed,  in  the  direction  of  the  axis 
of  the  gun,  and  is  incapable  of  motion  in  any  direction  ei&cept 
(ihat  of  its  length ;  and  in  this  direction  it  is  constantly  moved 
by  means  of  a  small  rack-wheel,  kept  in  proper  motion  by  two 
Iben,  who  thus  make  the  point  of  tne  borer  so  to  bear  against 
the  part  of  the  gun  that  is  boring,  as  to  pierce  and  cut  it.  Hie 
oiitmde  of  the  gun  is  smoothed  at  the  same  time  by  men  with 
instruments  fit  for  the  purpose,  whilst  it  turns  round,  bo  that 
the  bore  may  be  exactly  in  the  centre  of  the  metal. 
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Ian  thifi  W8J  the  bming  is  performed  with  great  nicety,  the 

SiiiB  scanody  ever  (m]mg  in  the  examinfftion.  But  in*  thoie  mills 
e  horses  work  to  great  disadvantage,  the  diametens  of  the 
walks  ia  ivhich  they  move  being  ftir  too  sinalL  See  the  mtro- 
ductory  patt  of  this  Tdtume^  art  76. 

FAHALLEL  MOTio$;r,  is  a  term  used  among  practioBtl 
medianics  to  denote  the  nBCtilmear  motidTi  <of  u  piston  rod,  &c. 
in  ibe  direetkm  of  its  length :  and  contritiuices  by  whiefa  sodi 
ateemate  re^inear  motions  are  eonv^ted  into  potatiory  ones, 
and  vice  versa,  in  pumps,  steam-engtn^,  saw-iniMs;  &c.  anp 
usually  called  contrivances  for  paralld  mottons. 

In  motions  of  this  kind  it  is  generally  l^ught  a  deslraUe  thing 
to  gi^  the  piston-rod,  the  saw,  or  the  Uke,  a  uniform  velocity 
through  the  whole  of  its  progress;  then  to  bring  it  at  once  to  vest, 
•aj^ain  to  give  it  instantanedoBly  a  finite  vdocity  in  the  opposite 
direction,  ifnd  so  on.  But  this  seems  impossible  in  nature ;  all 
)dianges  of  motion  tckich  we  observe  are  gradaal,  because  all 
impelling  bodies  have  some  elasticity  or  softness  by  which  they 
yield  to  oompression :  and  in  the  way  in  which  pistons  are 
commonly  moved,  viz.  by  cranks  or  something  analogous  :to 
them,  the  motion  is  very  sensibly  gradual.  Hence,  it  may  bei  ob-  * 
served  that  most  attempts  to  correct  these  ineqealities  in  raoticm 
ere  misplaced;  and  if  they  could  be  acoomplisbed  would  gready 
injure  the  pump  or  other  machine.  One  of  the  be^ methods  « 
prefdueing  this  efifed;  is  to  make  the  pistonhrod  condst  of  two 
pai'aHel  bars,  having  teeth  in  the  skies  wiiiefa  front  each  othcxu 
Let  a  toothed  wheeibe  pl^aoed  between  them,  having  only  the  / 
htJfofits<;ircumforenee  furnished  ii^ith  teeth.  It  is  evident, 
witJhout  any  further  description,  that  if  this  wheel  be  tixmed 
Uniformly  round  its  aicis^  the  piston-i'od  will  be  moved  anaformly 
tip  and  down  without  intermission.  This  has  often  beeo  put 
In  ipracitice,  and  the  pistonn^od  made  to  work  between  gr4aoved 
Vdllersj  but  the  machine  always  went  by  jolts,  and  seldonji 
tasfted  a  few  days.  Unskilled  mechanists  attributed  this  to  de- 
fect in  the  execution :  but  the  fault  is  essential,  and  lies  in  the 
^ihc^le.  The  Machine  could  not  pedbrm  one  4itroke  if  due 
m^  mover  did  not  slacken  a  little,  or  thediflbrent  partsofthe 
toaehinedid  not  yield  by  bending,  or  by  oorapression ;  and  nft 
^rengtb  of  materiak  could  withstand  the  violence  of  the  strains 
at  eveiy  redprecation  of  the  motion.  This  is  chiefly  exnevin 
en6ed  in  gr^ial  works  which  are  put  in  motion  by  a  water-wheeJ^ 
or  some  other  equal  power  exerted  on  the  hiass  of  matter  <c^ 
'which  the  machine  consists.  T^ie  water-whed  being  of  great 
#dght  moves  with  iXHisklerable  steadiness  oruniforuitjr;  and 
tb4ien  an  additional  t^sistanceis  opf>08ed  to  ii  by  thebe^buiiog 
of  a  new  stroke  of  the  piston,  its  great  qunnotltyof  motiofi  is^bot 
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little  oBected  by  this  addition^  and  it  process  Very  littld  retard- 
ed ;  and  the  machine  must  either  i^ield  a  little  .by  bending  and 
compression,  or  go  to  pieces,  wnich  is  the  common  event- 
Cranks  are  free  irom  this  inconvenience,  because  they  acce- 
lerate the  piston  gradually,  and  bring  it  gradually  to  rest,  while 
the  water-wheel  moves  round  with  almost  perfect  uniformity- 
The  only  inconvenience  (and  it  may  be  considerable)  attend- 
ing this  slow  motion  of  a  piston  at  the  beginning  of  its  stroke 
.il,  tliat  the  valves  do  not  shut  with  rapidity,  so  that  some  water 
gets  back  through  them.  But  when  they  are  properly  formed 
and  loaded,  this  is  but  trifling.  .  . 

It  would  seem,  then,  that  those  contrivances  in  which  .the 
piston-rod  communicates  the  rotatory  motion  by  means  of  a 
crank,  or  something  similar  in  its  effect,  ate  most  fit  to  be 
adopted  in  practice;  and  that  the  attempts,  of  mechanisjts  in 
this  point  of  view  may  in  all  probability  be  properly  restrained 
to  tlie  methods  of  keeping  the  piston-rod,  &c.  from  deviating 
to  any  side,  during  its  alternate  motion.  Two  or  three  of  the 
best  methods  of  performing  this,  with  which  we  are  acquainted, 
are.  the  following. 

1.  Let  a  fixed  circular  ring  whose  diameter  is  equal  to  the 
stroke  of  the  pis1;on  have  teeth  all  round  the  interior  part  of  its 
jdrcumfercmqe;  and  let  a  smaller  wheel,  whose. diameter  is  only 
half  that  of  the  ring,  have  equal  teeth  on  the  exterior  part  of  it$ 
rim,  to  play  into  the  teeth  of  the  ring:,  let  theaxis.of  the  whed 
to  which  the  rotatory  motion.is  to  bq  communicated  pass  through 
the  centre  of  the  larger  ring ;  and  let  a  moveable  bar  join  the 
centre  of  this  ring  to  that  of  the  .smaller  wheel.  Then,  if  the 
upper  extremity  of  the  piston-rod  be  attached,  to  a  pin  fixed  o|i 
the  rim.  of  the  inner  wheels  at  the  place  where  the  two  wheels 
are  in  contact  in  their  lowest,  point,  and  the  ^  rod  be  put  iuto 
^notion,  it  will  cau^  the. small  wfaeel^to  revolve  upon  tue  inner 
ipaftof  the  fixjsd  ring,  and  by  this  me^ms  give  ^th^.  proposed 
rotatory  motion,  to  the  sjm  pas^ing^  through  the  centre  of  the 
ridg.  •  At  the  same  time  th^  extremity  of  the.  piston-rod  will  be 
confined  to  move  in  the  vertical  diametet  of  the  ring:  because 
it  is  made,  to.describe  m  epicycloid  of  that  kind  iK'hich  is  formea 
by  a. circle  rcdling  along  tbe.inside  of  anoidier  circle pf  double 
diamieter.;  ^in  which  x:as^,  it  is  )v,eU'kno^n,  the  epicv^loid  be- 
•conies)a  diameter  of  the  larger  circle,,  and  the  smaller  circle 
makes  two  complete  revolutions  while  k  is  ip^ving  fro^  any 
one  point  of  the  larger  circle  to  the  same  point  agaip.  . . 

'  This  contrivance  was. devlsecj,  we  believe,  by  Mr,  White,  an 
Jknglo-Americani  It  is  almost.utinecessary  to  observe. that  th^ 
comierse  is  equally. appUoa^ble  in  the  conversion, cif/|i  jptatory 
into.  d>  parallel  motioA.. 
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2.  Another  method  is  represented  in  figure  10.  pL  XXIII.. 
where  the  piston-rod  is  kept  from  deviation,  a  is  the  cylinder, 
B  the  piston,  c  the  piston-rod,  d  the  crank,  and  e  the  connect- 
ing rod  of  the  crank  and  piston  rod»  When  the  piston  is  at  e^ 
the  crank  is  at  a ;  when  the  piston  is  at  b,  the  crank  is  either  at 
goxh\  and  when  the  piston  is  at  g^  the  crank  is  atjT:  so  that 
when  the  motion  of  the  crank  is  uniform  that  of  the  piston  is 
variable.  The  rod  h  ecjual  in  length  to  the  crank  d  moves 
about  the  centre  f,  and  is  joined  to  one  end  of  the  rod  i,  to  the 
other  end  of  which  is  connected  the  socket  l  that  receives  the 
top  end  of  the  piston-rod.  A  certain  point  m  is  taken  at  plea- 
sure in  the  rod  i,  to  carry  a  short  axle  for  the  rods  k,  which  are 
broken  in  the  figure  to  show  the  socket  l.  To  find  the  centre 
of  motion  of  the  rods  k,  move  the  end  l  of  the  rod  i  up  and 
down  in  the  vertical  line  c/!x,  and  mark  three  positions  w,  m^  r, 
of  the  point  m  on  that  rod :  describe  a  circle  to  pass  through 
those  three  points ;  its  radius  will  be  equal  to  the  length  of  the . 
rods  K,  and  its  centre  will  be  the  point  where  those  rods  must 
be  fixed  to  a  bolt  or  axle  in  the  framing.  This  contrivance 
causes  the  top  of  the  piston-rod  to  move  from  p  by  l  to  o,  and 
back  again  by  l  to  /? ;  and  the  dotted  lines  show  the  position  of 
the  several  rods  at  the  extremities  of  the  motion. 

In  fig.  1 1.  pi.  XX III.  we  have  given  a  horizontal  section,  to 
show  the  connexion  of  h,  i,  k,  &c.  pointing  out  in  what  way 
I  grasps  L,  and  e  both.  The  inequality  of  the  piston's  motion 
will  be  reduced  by  making  the  connecting  rod  e  as  long  as  cir- 
cumstances will  permit. 

If  the  rod  i  were  extended  to  the  left  of  the  point  p,  the 
same  kind  of  apparatus  would  become  a  lever  with  a  moveable 
fulcrum,  by  means  of  which  a  weight  might  be  raised  in  a  ver- 
tical line  from  p  to  o  ;  or  a  pump  piston-rod  worked  without 
deviation. 

This  construction  is  described  in  a  porismatic  form,  by  Pro- 
fessor Playfair,  in  his  Outlines  of  Nat.  Philosophy,  vol.  i.  art. 
'6BB.    See  also  pi.  XXXIX.  fig.  9*  »• 

S.  A  third  method  is  exhibited  in  fig.  8.  pi.  XX 11 1,  where 
there  are  three  rods  a,  b,  and  c,  besides  the  connecting  rod  d. 
The  rods  a  and  c  are  of  equal  lengths,  and  the  connecting  rod 
is  attached  to  the  middle  point  of  the  rod  b.  The  guides  a,  and 
c,  are  fixed  at  their  ends  e,  and  f,  by  bolts  to  the  framing. 
Thus  the  point  b,  to  which  is  fixed  the  top  of  the  piston-rod,  is 
made  to  move  in  the  right  line  ImV ;  and  the  dotted  lines  show 
the  positions  of  the  rods  at  the  extremities  of  the  stroke.  Fig. 
7.  shows  in  what  way  the  piston-rod  p  and  connecting  rod  d 
might  be  joined  to  the  guides  b  and  c. 
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Thisr  method  and  the  preceding  were  devised  by  Mr.  William 
Drjdeni  a  mechanic  whose  ingenuity  needs  not  our  encomium* 

4.  Another  method  is  shown  in  iig.  12.  pi.  XXIII.  AandB 
are  two  bolts  in  the  framing  at  equal  distances  on  opposite  sides 
of  the  vertical  line  in  which  the  piston  is  to  move,  ac^  bd^ 
two  bars  of  equal  lengthy  each  equal  to  about  half  the  distance 
AS.  CL,  DL9,  two  other  equal  ball's,  rather  more  than  double 
the  length  of  the  former^  movhig  freely  on  joints  at  c  and  n. 
At  L  is  a  socket,  as  in  %.  10»  to  receive  the  top  of  the  piston- 
rod,  and  to  which  the  bar&  ct,  bl,  and  the  connecting  rod  x, 
are  attached.  By  this  contrivance  it  is  obvious,  that  as  the 
rods  Bc,  BD,  turn  upon  the  centres  a,  b,  in  contrary  directions, 
the  piston-rod  will  be  made  to  move  in  the  r^t  line  vu 
without  deviation;  nm  being  the  length  of  the  stroke.  The 
relative  lengths  of  the  bars  ac,  cl,  may  be  varied  at  pleasure : 
hut  those  we  have  mentioned  will  be  found  as  well  as  any  in 
practice. 

5.  A  piston-rod  may  also  be  kept  from  deviating  to  either 
side,  while  it  gives  motion  ta  a  crank,  and  vice  versa,  th«s: 
place  a  cross-bar  at  a  distance  from  the  end  of  the  cylinder  ra«* 
tber  greater  than  the  stroke  of  the  piston,  and  make  the  piston- 
rod  play  in  a  hole  made  in  this  cross-bar ;  letan  axle  be  fixed 
to  a  proper  point  of  the  piston-rod  between  the  end  of  the 
cylinder  and  the  cross*bar,  and  from,  this  axle  let  two  equal 
connecting  rods  pass  to  the  crank,  one  on  each  side  the  cross- 
bar :  by  mis  simple  contrivance  the  alternating  and  circular 
motions  may  be  communicated  to  the  different,  parts  of  the 
machine  with  great  facility. 

6.  A  rectilinear  vertical  motion  may,  again,,  beproduced  thnjs. 
Two  of  the  adjacent  angles,  of  a  parallelogram  are  made  to  dea« 
cribe  concentric  circles,  so  that  the  side,  between  them  passes 
through  their  centre,  and  one  of  the  remaining  angles  describes 
another  circle  having  ita  convexity  opposed  to  that  of  the  two 
former,^  then  the.  fourth  angle  of  the  parallelogram  will  describe 
a  line  that  differs  insensibly  from  a  straight  line.  This  construc- 
tion is  the  invention  of  Mr.  Watt,  and  now  very  coonmon. 

PARCJEUX'S  AKEoraiTER.    See  Vol.  I.  art.  401 ,  409. 

PATERNOSTER- WORK.  See  Byduxvljjc  Ungines. 
No.  5. 

P!^1NDULUM,  in  mechanics,  any  heavy  body,  sa  suspended 
aa  that  it  may  swing  backwards  and  forwards,  about  some  fixed 
point,  by  the  force  of  gravity. 

These  alternate  ascents  and  descents  of  the  pendulum  are 
called  its  oscillations,  or  vibrations ;  each  complete  oscillation 
being  the  descent  from  the  highest  point  on  one  side  dowa  to 
the  lowest  point  of  the  arch,  and  so  on  up  to  the  highest  point 
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on  the  other  side.  The  point  raand  which  the  pendulam.  movea 
or  vibrates  is  called  its  centre  of  motion,  or  point  of  susp^imoa ; 
and  a  right  line  drawn  through  the  centre  of  motion,  par allel  to 
the  horisony  and  perpendicular  to  tlie  plane  in  which  the  pen** 
dulum  moves>  is  called  tl^  axis  of  oscillation.  There  i&  also  a 
eertmn  point  within  every  pendulum  into  which,  if  all  the  mat- 
ter that  composes  the  pendulum  were  collected,  or  condensed  as 
into  a  point,  the  times  in  which  the  vibrations  would  be  per-* 
formed  would  not  be  altered  bv  such  condensation ;  and  this 
point  is  called  the  centre  of  oscillation.  The  len^h  of  the  peK»* 
dulum  is  always  estimated  by  the  distance  of  this  point,  below 
the  centre  of  motion,  being  usually  near  the  bottom  of  the 
pendulum;  but  in  a  slender  cylinder,  or  any  other  uniform  prism 
or  rod  suspended  at  the  top,  it  is  at  the  distance  of  cnerthiizd 
6r€>m  the  bottom,  or  two-thirds  below  the  centre  of  motion. 

The  length  of  a  pendulum,  so  measured  to  its  centre  of  osciU 
lation  that  it  will  perform  each  vibration  in  a  second  of  time^ 
thence  called  the  second's  pendulum,  has,  in  the  latitiuk  ck 
Itondon,  been  generally  taken  at  3(9  .V  or  SQ^  inches ;  but  by 
mxae  very  ingenious  and  accurate  experiments,,  the  late  cele- 
brated Mr.  George  Graham  found  the  true  length  ta  be  3^  ^^^V 
inches,  or  39  J.  inches  very  nearly. 

The  length  of  the  pendulum  vibrating  seconds  at  Paris  was 
found  by  Varin,  Des  Hays,  De  Glos,  and  Godin,  to  be  4<40|. 
lines;  by  Picard  440^  lines ;  and  by  Mairan  44014^  lines. 

In  our  first  volume  (book  II.  en.  ii.),  where  the  theory  of 
pendulums  was  lidd  down,  we  remarked  that  the  length  of  the 
second  pendulum  wai^  diffinreut  in  difierent  parts  of  the  earth. 
It  would  not  be  easy  to  exhibit  a  coQq)leteIy  accurate  theorem 
for  the  lei^b  of  the  pendulum  at  alt  places  cai  the  earth's  sur<« 
face :  but  besides  what  is  exhibited  in  art.  286,  vol.  I.,  the  best 
and  most  simple  with  which  we  are  acguainted  was  first  given 
by  Mr.  Krafft  in  the  new  Petersburgh  Memoirs,  vol  vii.  It  is 
this :  if  <r  be  the  length  of  a  pendulum  that  swings  seconds  in 
any  given  latitude  7,  and  in  a  temperature  of  10  degrees  of 
Reaumur's  thermometer,  then  will  the  length  of  that  pendiulum^ 
for  that  latitude,  be  thus  expressed,  viz. 

X  r=  (439-178  +  2 -iSl  sin-/)  lines  of  a  French  foot. 
And  this  expression  agrees  very  nearly,  not  only  with  all  the 
experiments  made  on  the  pendulum  in  Russia,  but  also  with 
those  of  Mr.  Graham,  and  those  of  Mr.  Lyons  in  79^  50^  north 
latitude,  where  he  found  its  length  to  be  24rdbline&:  nor 
does  it  differ  more  from  the  recent  experiments  than  may  be 
fairhr  imputed  to  the  effects  of  irregular  density  near  the  earthls 
surface. 

Since  metals  expand  by  teat  and  contract  by  cold,  peoda-; 
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lums,  which  are  constituted  chiefly  of  metal,  must  be  subject  to 
variations  in  consequence  of  such  expansion  and  contraction  ; 
and  various  are  the  contrivances  which  have  been  devised  to 
correct  the  errors  in  the  estimates  of  time  which  have  been  thus 
produced :  a  few  of  these  will  here  be  described. 

The  vulgar  method  of  remedying  the  inconvenience  arising 
from  the  extension  and  contraction  of  the  rods  of  common 
pendulums  is  by  applying  the  bob,  or  small  ball,  with  a  screw, 
at  the  lower  end ;  by  which  means  the  pendulum  is  at  any 
time  made  longer  or  shorter,  as  the  ball  is  screwed  downwards 
or  upwards ;  and  thus  the  time  of  its  vibration  is  kept  continu- 
ally the  same. 

The  ffridiron  pendulujm  was  the  invention  of  Mr,  John 
Harrison,  a  very  ingenious  artist,  and  celebrated  for  his  inven- 
tion of  the  watcn  for  finding  the  difference  of  longitude  at  sea, 
about  the  year  l725;Vand  of  several  other  time-keepers  and 
watches  since  that  time :  for  all  which  he  received  the  parlia- 
mentary reward  of  between  20  and  30  thousand  pounds.  It 
consists  of  5  rods  of  steel,  and  4  of  brass,  placed  in  an  alternate 
order ;  the  middle  rod  being  of  steel,  by  which  the  pendulum 
ball  is  suspended  :  these  rods  of  brass  and  steel,  thus  placed  in 
an  alternate  order,  and  so  connected  with  each  other  at  their 
ends,  that  while  the  expansion  of  the  steel  rods  has  a  tendency 
to  lengthen  the  pendulum,  the  expansion  of  the  brass  rods, 
acting  upwards,  tends  to  shorten  it.  And  thus,  when  the  lengths 
of  the  brass  and  steel  rods  are  duly  proportioned,  their  expan- 
sions and  contractions  will  exactly  balance  and  correct  each, 
other,  and  so  preserve  the  pendulum  invariably  of  the  same 
length.  The  simplicity  of  this  ingenious  contrivance  is  much 
in  its  favour ;  and  the  difficulty  of  adjustment  seems  the  only 
objection  to  it. 

Mr.  Harrison,  in  his  first  machine  for  measuring  time  at  sea, 
applied  this  combination  of  wires  of  brass  and  steel,  to  pre- 
vent any  alterations  bv  heat  or  cold;  and  in  the  machines 
or  clocks  he  has  made  for  this  purpose,  a  like  method  of 
guarding  against  the  irregularities  arising  from  this  cause  is 
used. 

The  principal  objections  to  this  mode  of  compensation  are, 
1st.  The  difficulty  of  exactly  adjusting  the  lengths  of  the  rods. 
2dly.  Of  proportioning  their  thickness,  so  that  they  shall  all 
be^n  to  expand  or  contract  at  the  same  instant.  3dly.  The 
connecting  bars  of  a  pendulum  thus  constructed  are  apt  to  move 
by  starts.  4thly.  This  kind  of  pendulum  is  more  exposed  to 
the  air's  resistance  than  a  simple  pendulum. 

Another  excellent  contrivance  for  the  same  purpose  is  de- 
scribed by  M.  Thiout,  a  French  author  on  clock-making.     It 
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was  used  in  the  north  of  England  by  an  ingenious  artist  about 
60  years  ago.  This  invention  is  as  follows :  a  bar  of  the  same 
metal  with  the  rod  of  the  pendulum,  and  of  the  same  dimen- 
sions, is  placed  against  the  back  part  of  the  clock-case :  from 
the  top  of  this  a  part  projects,  to  which  the  upper  part  of  the 
pendulum  is  connected  by  two  fine  pliable  chains^  or  silken 
strings,  which  just  below  pass  between  two  plates  of  brass, 
whose  lower  edges  will  always  terminate  the  length  of  the  pen- 
dulum at  the  upper  end.  These  plates  are  supported  on  a 
pedestal  fixed  to  the  back  of  the  case.  The  bar  rests  upon  an 
immoveable  base  at  the  lower  part  of  the  case,  and  is  inserted 
into  a  groove ;  by  which  means  it  is  always  retained  in  the 
same  position.  From  this  construction,  it  is  evident  that  the 
extension  or  contraction  of  this  bar,  and  of  the  rod  of  the 
pendulum,  will  be  equal,  and  in  contrary  directions.  For, 
suppose  the  rod  of  the  pendulum  tobeexpanded  any  given  quan- 
tity by  heat ;  then,  as  the  lower  end  of  the  bar  rests  upon  a  fixed 
point,  the  bar  will  be  expanded  upwards,  and  raise  the  upper 
end  of  the  pendulum  just  as  much  as  its  length  was  increased ; 
and  hence  its  lenjrth  below  the  plates  will  be  the  same  as  before. 

In  Voigt's  Magazin  fuer  den  iievesten  Zustando  de  Na- 
turkunde,  vol.  iv.  are  described  the  gridiron  pendulums  ofMr. 
Benzenberg,  which  are  composed  of  lead  and  trim.  Mr.  J3  was 
induced  to  employ  lead  on  account  of  its  great  dilatability,  which 
is  to  iron  as  2*57  to  1,  so  that  16*5  inches  of  lead  compensate 
1  '3  of  iron ;  and  he  chose  iron  in  preference  to  steel,  because 
easier  to  work.  The  compensation  was  made  by  a  single  rod 
in  the  centre,  16^  inches  long,  French  measure,  and  half  an 
inch  thick.  It  was  simply  pinned  into  gorges  in  the  cross-pieceof 
copper ;  but  the  other  parts  of  the  gridiron  were  riveted  in  tlie 
usual  way.  The  iron  rods  were  made  of  the  best  thick  iron  wire. 

The  materials  of  this  pendulum  are  cheap,  and  it  may  be 
made  in  a  couple  of  days.  As  the  pressure  takes  jplace  in  a 
vertical  direction,  there  is  no  danger,  according  to  Mr.  B.,  of 
rods  of  these  dimensions  bending. 

To  correct  the  compensation,  the  central  rod  of  lead  must  be 
left  so  long  that  we  may  be  sure  the  compensation  is  in  excess. 
The  quantity  of  error  may  then  be  found  by  the  freezing  appa- 
ratus, and  how  much  it  is  requisite  to  cut  from  the  rod  may  be 
calculated  with  the  greatest  exactness. 

The  mercurial  pendulum  was  the  invention  of  the  ingenious 
Mr.  Graham,  in  consequence  of  several  experiments  relating  to 
the  materials  of  which  pendulums  might  be  formed,  in  Hi 5. 
lu  rod  is  made  of  brass,  and  branched  towards  its  lower  end, 
so  as  to  embrace  a  cylindric  glass  vessel  1 3  or  14  inches  long, 
and  about  2  inches  diameter ;  which  being  filled  about  12 

VOL.  II.  ^ 
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inches  deep  with  mercury,  forms  the  weight  or  ball  of  the  pen- 
^dulum.     If  upon  trial  the  expansion  of  the  rod  be  found  too 
^reat  for  that  of  the  mercury,  more  mercury  must  be  poured 
into  the  vessel :  if  the  expansion  of  the  mercuiy  exceeds  that 
-of  the  rod,  so  as  to  occasion  the  clock  tb  so  fast  with  heat, 
«ome  mercury  must  be  taken  out  of  the  vessel,  so  as  to  shorten 
the  column.     And  thus  may  the  expansion  and  contraction  of 
the  quicksilver  in  the  glass  be  made  exactly  to  balance  the  ex- 
pansion and  contraction  of  the  pendulum  rod,  so  as  to  preserve 
the  distance  of  the  centre  of  oscillation  from  the  point  of 
suspension  invariably  the  same. 

Mr  Graham  made  a  clock  of  this  sort,  and  compared  it  with 
^neof  the  best  of  ihecommonsort,for  three  years  together;  when 
he  found  the  errors  of  his  but  about  one  eighth  part  of  those  of 
the  latter.    Philos,  Trans.  No.  392. 

Th$  only  defect  we  have  ever  heard  ascribed  to  this  pendu- 

dium,  is  that  the  expansion  of  the  mercury  commences  sooner 

than  that  of  the  rod ;  but,  after  all,  there  are  many  strong 

proofs  of  its  practical  excellence.     Mr.  F.  Baily  has  recently 

recommended  the  mercurial  pendulum,  and  greatly  improved 

Its  construction,  in  an  elaborate  paper  published  in  vol.  I.  of 

the  Transactions  of  the  ^Astronomical  Society  of  London, 

The  fer^  PENDULUM.     From  all  that  appears  concerning 

.  this  construction  of  a  pendulum,  we  are  inclined  to  believe  that 

4;he  idea  of  making  the  diiTerence  of  the  expansion  of  different 

metals  operate  by  means  of  a  lever  originated  with  Mr.  Graham, 

who  in  Uie  year  1737  constructed  a  pendulum,  having  its  rod 

composed  of  one  bar  of  steel  between  two  of  brass,  which  acted 

4]pon  the  short  end  of  a  lever,  to  the  other  end  of  which  the 

ball  or  weight  of  the  pendulum  was  suspended. 

This  pendulum  however  was,  upon  trial,  found  to  move  by 
jerks ;  and  therefore  laid  aside  by  the  inventor,  to  make  way  for 
the  mercurial  pendulum,  just  mentioned. 

Mr.  Short  informs  us  in  the  Philos.  Trans,  vol.  47,  art.  88, 
that  a  Mr.  Fotheringham,  a  quaker  in  Lincolnshire,  caused  a 
-pendulum  of  this  kind  to  be  made :  it  consisted  of  two  bars,  one 
of  brass,  and  the  other  of  steel,  fastened  together  by  screws, 
with  levers  to  raise  or  let  down  the  bulb :  above  which  these 
levers  were  placed.   M.  Cassini  too,  in  the  History  of  the  Royal 
Academy  of  Sciences  at  Paris,  for  1741,  describes  two  sorts  of 
•  pendulums  for  clocks,  compounded  ofbarsofbrassand  steel;  and 
in  which  he  applies  a  lever  to  raise  or  let  down  the  bulb  of  the 
pendulum,  by  the  expansion  or  contraction  of  the  bar  of  brass. 
Mr.  John  Ellicott  also,  in  the  year  1 738,  constructed  a  pen- 
dulum on  the  same  principle,  but  differing  from  Mr.  Graham^ 
iH  many  particulars.     The  rod  of  Mr.  Ellicott's  pendulum  was 
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composed  of  two  bars  only ;  the  one  of  brass  and  the  oth^r  of 
9teel.  It  had  two  levers,  e^^h  sustaining  its  half  of  the  ball  or 
weight ;  with  a  spiing  under  the  lower  part  of  the  ball  to  relieve 
the  levers  from  a  considerable  part  of  its  weight,  and  so  to  ren- 
der tbeii'  motion  more  smooth  and  easy.  The  one  lever  in  Mr. 
Graham's  constructipn  was  above  the  ball :  whereas  both  the 
levers  in  Mr.  EUicott  s  were  within  the  ball ;  and  each  lever 
]bad  an  adjusting  screw,  to  lengthen  or  shorten  the  lever,  so  a& 
1;o  reader  th?  pdjustment  the  more  pei:fect.  See  the  Philos« 
Trans,  vol.  47,  p.  479;  where  Mr,  LlUcptt's  methods  of  qon- 
struction  are  described,  and  illustrated  by  figures. 

Notwithstanding  the  great  ingenuity  displayed  by  these  emi- 
nent artists  on  this  construction,  it  must  furlheir  be  observed, 
in  tlie  history  of  improvements  of  this  nature,  that  Mr.  Gum- 
ming, another  eminent  artist,  has  given,  in  his  Essays  on  the 
Principles  of  Clock  and  Watch-work,  Lond.  1766,  an  ample 
description,  with  plates,  of  a  construction  of  a  pendulum  with 
levers,  in  which  it  seems  he  has  united  the  properties  pf  Mr. 
GrabaiP^sand  Mr.  Ellicott>,  without  being  liable  to  a^y  of  th^ 
defects  of  either.  The  rod  pf .  this  pendulum  is  composed  of 
one:  flat  bar  of  brass,  and  two  of  steel :  he  uses  three  levers 
witlitn  thp  b^U  of  the  pendulupi ;  find,  among  many  other  in- 
genious contrivances,  for  the  more  accurate  adj uniting  of  this 
pendulum  to  mea^  time,  it  is  provided  with  a  ^mall  oali  and 
jSCr<ew  below  the  principal  ball  or  weight,  one  entire  revolptio^ 
pf  which  on  its  screw  will  only  alter  the  rate  of  the  clock's 
^ing  pue  second  pe^r  day ;  and  its  circumference  is  divided  into 
30,  one  pf  which  divisions  will  therefore  alter  its  rpite  of  going 
^ne  second  in  a  month. 

Mr,  Edward  Trpughton  has  lately  invented  a  tubular  pen- 
dulum, which  {icts  on  the  principle  of  the  gridiron  pepcjulum: 
in  this  construction  the  apparent  rod  is  a  tube  of  brass  reaching 
frpm  the  bob  nearly  to  the  top  ;  this  contains  another  ti^be  and 
£ve  wires  in  its  belly,  ^o  disposed  as  to  prpduce  altogether  (like 
the  nine-bar  gridiron  of  Harrison)  three  expansions  of  steel 
downward^,  and  two  of  brass  upwards ;  whose  lengths  being 
inversely  proportioned  to  their  dilatation,  when  properly  com- 
bined)  destroy  tl)e  whole  effect  that  either  metal  would  have 
aingly.  The  small  visible  part  of  the  rod  near  the  tpp  is  a  brass 
ti|be»  whpi^e  use  i^  to  cover  the  upper  end  pf  the  middle  wire, 
lyhiph  i^  single,  and  otherwise  unsupported.  Drawings  of  this 
pendulum  may  be  seep  in  Nicholson's  Journal,  No.  36.  N  S. 

For  another  ingenious  cpmp^l^sf^tion  pendulum  of  steel  i^i)d 
ajinc,  by  Mr.  Adam  Eeid,  >ve  refer  to  the  article  Pendulum  in 
the  P4NTpLpGiA,and  to  my  Mathemg^tics  Jbr  Practical  Men. 

AAi^r  all,  9o  long  as  the  vibration  of  pendulums  U  peifornied 
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in  a  mediam  of  varying  density^  we  must  not  look  for  an  accu- 
rate time-piece  for  ascertaining  the  longitude,  &c. ;  unless  a 
self-connecting  mercurial  pendulum  could  be  contrived,  adapted 
to  counteract  the  smallest  variations  effected  by  the  ambient 
air.  The  errors  of  a  time-piece  are  but  half  corrected  by  the 
-fabrication  of  pendulums  adapted  to  obviate  the  expansion  of 
metals  by  increase  of  temperature,  if  the  works  themselves  still 
remain  constructed  of  such  expansible  materials.  A  coiTect 
time-piece,  therefore,  will  be  that  of  which  not  only  the  works 
and  pendulum  are  constructed  of  the  least  expansible  materials, 
but  the  pendulum  itself  shall  vibrate  in  a  medium  of  unaltera- 
ble density  ;  a  desideratum  only  to  be  obtained  by  causing  the 
vibrations  to  be  performed  in  vacuo,  or  by  a  seltcorrecting 
pendulum,  as  above  alluded  to.  Mr.  G. ,).  Wright,  of  Ken- 
nington,  who  has  some  observations  on  this  subject  in  Tilloch*s 
Philosophical  Magazine,  No.  57.  says  the  best  substance  to 
compose  the  works  of  a  correct  time-keeper  is  ivory,  or  the 
born  of  the  narwhal  or  sea  unicorn  (which  is  almost  entirely 
^composed  of  enamel)  ;  especially  if  any  means  were  known  of 
increasing  its  hardness  so  as  to  vie  witn  the  metals. 

The  most  general  remedy  against  the  chief  inconveniences 
of  pendulums,  is  to  make  them  long,  to  vibrate  in  small  arcs, 
and  to  have  the  bobs  as  ponderous  as  is  consistent  with  the 
structure  of  the  machine.  In  those  cases  where  it  is  wished  to 
increase  the  time  of  vibration  without  increasing  the  length  of 
the  pendulum,  recourse  may  be  had  to  the  o^i^r  pendulum, 
the  theory  of  which  has  been  given  in  art.  311,  vol.  I. ;  or  to 
the  pendulum  formed  of  a  slender  cylinder  with  a  ball  at  each 
«nd,  and  a  contrivance  for  a  moveable  centre  of  motion,  as 
already  explained  in  the  same  article  of  the  first  volume.  Akin 
ix)  this  is  the  contrivance  described  by  M,  Prony,  at  p.  229, 
Connaisstmce  des  Tents  pour  Tan  1817. 

'Hydraulic  Pendulum,  a  simple  contrivance  by  which  the 
rectilinear  motion  of  flowing  water  is  made  to  communicate 
^an  alteinating  motion. 

The  hydraulic  pendulum  of  P^rrault  (pi.  XXXVIII.  ^. 
4a  and  supp.  b)  is  a  chest  or  cask  abcd  moveable  on  two  pi- 
vots m,  and  divided  into  two  parts  by  the  partition  cd.  When 
the  bottom  ab  of  this  vessel  is  horizontal,  the  water  from  the 
source  M  falls  on  c  the  middle  of  the  partition.  Immediately 
it  becomes  inclined,  the  water  falls  into  the  part,  such  as  B, 
elevated  above  the  horizon  ;  this  part  of  the  vessel  increases  in 
weight  in  proportion  as  it  fills  with  water ;  when  it  is  fiiU  the 
entire  vessel  turns  on  its  axis,  and  the  water  from  the  source 
falls  in  the  part  ac  of  the  vessel,  which  in  consequence  filling 
up,  the  weight  causes  it  to  oscillate :  this  oscillatory  motion 
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ivtil  be  common  to  a  pendulum  bar,  or  to  any  other  body  at- 
tached to  the  double  vessel. 

In  the  hydraulic  pendulum  of  M.  Boitias  (pi.  XXXVIII. 
fig.  4  e),  there  is  placed  at  the  inferior  extremity  of  a  pendulum 
a  very  large  float-board,  moveable  on  pivots  which  turn  on  the 
parallel  branches  of  a  frame  fixed  to  the  pendulum.  This  floats 
board  will  assume  alternately  the  vertical  and  th^  horizontal 
position.  In  the  first  it  plunges  into  the  stream  and  receives 
the  impulsion  of  the  water ;  the  float-board  moves  with  the 
pendulum,  and  having  reached  the  lowest  point  of  its  oscilla- 
tion, a  counterweight  causes  it  to  turn  on  its  pivot  and  gives  it 
the  horizontal  position:  then  the  pendulum,  the  weight  of 
which  is  no  longer  counterbalanced  by  the  action  of  the  water, 
takes  as  well  as  the  float-board  the  horizontal  position,  and 
commences  a  new  oscillation.  Instead  of  employing  a  coun- 
terweight to  open  and  shut  the  float-board,  there  may  be  em- 
ployedtwo  cords  attached  to  fixed  points  and  to  thefloat- board ; 
these  threads  stretched  by  the  pendulum  will  draw  the  float- 
board  at  the  beginning  and  end  of  the  oscillation,  and  cause 
it  to  assume  successively  its  horizontal  and  vertical  positions. 
The  hydraulic  pendulum  does  not,  like  the  common  pendulum, 
oscillate  on  both  sides  of  the  vertical,  but  simply  on  one.  It 
moves  on  towards  that  side  to  which  it  is  impelled  by  the  motion 
of  the  water,  till,  reaching  the  highest  point  of  its  oscillation, 
the  float- board  opens,  and  the  whole  is  brought  back  by  its  own 
weight  to  the  vertical  position  ;  in  that  position  the  float-board 
agam  closes  the  frame,  and  the  impulsion  of  the  water  upon  it 
causes  it  to  oscillate  again.     And  so  on. 

PENSTOCK  is  a  sluice  or  floodgate,  serving  to  retain  or 
let  go  at  pleasure  the  water  of  a  mill-pond.  The  following  is 
a  description  of  a  pentrough  and  stock  for  equalising  the  water 
falling  on  water-wheels,  by  George  Quayle,  esq. 

To  insure  a  regular  supply  of  water  on  the  wheel,  and  toob- 
viate  the  inconveniences  arismg  from  the  usual  mode  of  deliver- 
ing it  from  the  bottom  of  the  pentrough,  this  method  is  devised 
of  regulating  the  quantity  delivered  by  a  float,  and  taking  the 
whole  of  the  water  from  the  surface. 

Section  of  the  pentrough.  (Plate  XVI.  fig.  4.)  a,  the  en- 
trance of  the  water,  b,  the  float,  having  a  circular  ai)erture  in 
the  centre:  in  which  is  suspended  c,  a  cylinder, running  down 
in  the  case  e  below  the  bottom  of  the  pentrough.  This  is 
made  water  tight  at  the  bottom  of  the  pentrougn  at  f,  by  a 
leather  collar  placed  between  two  plates,  and  screwed  down  to 
the  bottom. 

The  cylinder  is  secured  to  the  float  so  as  to  follow  its  rise  and 
fall ;  and  the  water  is  admitted  into  it  through  the  opening  in 
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its  sides,  and  there»  passing  through  the  box  or  case  £,  rises  and 
issues  at  g  on  the  wheel,  by  this  means^  a  uniform  quantity  of 
water  is  obtained  at  g  ;  which  quantity  can  be  increased  or  dimi- 
nished by  the  assistance  of  a  small  rack  and  pinion  attached  to 
the  cylinder,  which  will  raise  or  depress  the  cylinder  above  or 
und^r  the  water  line  of  the  float ;  and,  by  raising  it  up  to  the 
top,  it  stops  the  water  entirely,  and  answers  the  purpose  of  the 
common  shuttle.  This  pinion  is  turned  by  the  handle  h,  sU 
milar  to  a  winch-handle  ;  and  is  secured  frotn  running  down 
by  a  ratchet*wheel  at  the  opposite  end  of  the  pinion  axis. 

K  and  L  are  two  upright  rods  to  preserve  the  perpendicular 
rise  and  sinking  of  the  floaty  running  through  the  floaty  and  se- 
cured at  the  top  by  brackets  from  the  sides. 

M,  a  board  let  down  across  the  pentrougli,  nearly  to  the 
bottom,  to  prevent  the  horizontal  impulse  of  the  v^'ater  from  dis- 
turbing the  float. 

Fig.  5.  A  transverse  section,  showing  the  mode  of  fixing  the 
rack  and  pinion,  and  their  supports^  on  the  float.  The  rack  is 
inserted  into  a  piece  of  metal  running  across  the  cylinder  near 
the  top.  That  the  water  may  pass  more  freely  when  nearly 
exhausted,  the  bottom  of  the  cylinder  is  not  a  planci  biit  is  cut 
away  so  as  to  leave  two  feet,  as  at  c,  fig.  4.  The  float  is  also 
kept  from  lying  on  the  pen  trough  bottom  by  four  small  feet ;  so 
that  the  water  gets  under  it  r^ularly  from  the  first 

Fig.  6.  An  enlarged  view  or  the  cylinder,  showing  the  rack 
and  ratchet-wheel,  with  the  click,  and  one  of  the  openings  on 
the  side  of  the  cylinder :  the  winch  or  handle  being  on  the  op^ 
posite  side,  and  the  pinion,  by  which  the  rack  is  raised,  inclosed 
in  a  box  between  them.  (1  ransactions  of  the  Society  of  Art«, 
vol.  XI.  A.D.  1793.) 

PERSIAN-WHEEL  See  Hydraulic  Engines.  No.  4. 

PILE-ENGINE,  a  machine  by  which  piles  are  driven  into 
the  earth  for  the  foundations  of  piers  and  other  structures. 

In  pile^engtnes  the  contrivance  consists  in  drawing  up  a  great 
weight,  callcMl  a  ram  or  hammer,  to  a  moderate  height,  and  then 
letting  it  fall  freely  with  a  considerable  momentum  upon  the 
head  of  the  pile.  In  the  most  simple  pile  engines  the  ram  is 
drawh  up  by  men  pulling  at  a  cord  running  over  a  fixed  puHey, 
and  suffering  the  cord  to  slip  from  their  hands  when  the  wdgbt 
is  sufficiently  elevated.  Among  more  complex  ei^nes,  the 
best  we  have  seen  are  those  invented  by  Mr.  Vauloue  and  Igr 
Mr.  S.  Bunce. 

DesiniptioFi  qf  Paiihue's  pile-engine.  (See  pi.  XXII.)  a  is 
a  great  upright  shaft  or  axle,  on  which  are  the  great  wheel  b 
and  the  drum  c,  turned  by  horses  joined  lo  the  bars  S,  s. 
The  wheel  b  turns  the  trundle  x,  on  the  top  of  whose  axis  is 
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the  fly  Of  which  serves  to  rqjulate  the  motion,  as  well  as  to  act 
against  the  horses,  and  U>  keep  thera  from  falling  when  thb 
heavjr  ram  a  is  discharged  to  drive  the  pile  p  down  into  iher 
mud  in  the  bottom  of  the  river.  The  drum  o  is  loose  upon 
the  shaft  a,  but  is  locked  to  the  wheel  b  by  the  bolt  y.  On 
this  drum  the  great  rope  hh  is  wound ;  one  end  of  the  rope 
being  fixed  to  the  drum  and  the  other  to  the  follower  o,  io 
which  it  is  conveyed  by  the  pulleys  i  and  k.  In  the  follower  9 
is  contained  the  tongs  f,  that  take  hold  of  the  ram  q  by  the 
staple  R  for  drawing  it  up.  d  is  a  spiral  or  fusee  fixed  to  the 
drum,  on  which  is  wouna  the  small  rope  t  that  goes  over  the 
pulley  u,  under  the  pulley  v,  and  is  fastened  to  tue  top  of  the 
frame  at  7.  To  the  pulley-block  v  is  hung  the  counterpoise  w, 
which  hinders  the  follower  g  from  accelerating  as  it  goes  down 
to  take  hold  of  the  ram ;  for  as  the  follower  tends  to  acquire 
velocity  in  its  descent,  the  line  t  winds  downwards  upon  the 
fusee  on  a  larger  and  larger  radius,  by  which  means  the  coun- 
terpoise wacts  stronger  and  stronger  against  it;  and  so  allows 
it  to  come  down  with  only  a  moderate  and  uniform  velocity. 
The  bolt  Y  locks  the  drum  to  the  great  wheel,  being  pushed 
upward  by  the  smaller  lever  2,  which  goes  through  a  mortise 
in  the  shaft  a,  turns  upon  a  pin  in  the  bar  3^  fixed  to  the  great 
wheel  B,  and  has  a  weight  4,  which  always  tends  to  push  up  the 
bolt  Y  through  the  wheel  into  the  drum,  l  H  the  great  leveir 
turning  on  the  axis  m,  and  resting  upon  the  forcing  bar  5,  5, 
which  goes  through  a  hollow  in  the  shaft  a,  and  bears  up  th^ 
little  lever  2, 

By  the  horses  going  round,  the  great  rope  h  is  wound 
about  the  drum  c,  and  the  ram  q  is  drawn  up  by  the  tongs  w 
in  the  follower  o^  until  the  tongs  come  between  the  inclined 
planes  b  ;  which  by  shutting  the  tongs  at  the  top,  opens  it  at 
the  foot,  and  discharges  the  ram,  which  falls  down  between 
the  guides  bb  upon  the  pile,  p,  and  drives  it  by  a  few  strokes 
as  far  into  the  mud  as  it  will  go  ;  after  which,  the  top  part  is 
sawed  off  dose  to  the  mud  by  an  engine  for  that  purpose. 
Immediately  after  the  ram  is  discharged,  the  piece  6  upon  the 
follower  G  takes  hold  of  the  ropes  aa,  which  raise  the  end  of 
the  lever  l,  and  causes  its  end  n  to  descend  and  press  down 
the  forcing  bar  5  upon  the  little  lever  2,  which  by  pulling  down 
the  bolt  Y,  unlocks  the  drum  c  from  the  great  wheel  b  ;  and 
th^,  the  follower  being  at  liberty,  comes  down  b]^  its  own  wei^t 
to  tb^  ram ;  and  the  lower  ends  of  the  tongs  slip  over  the  sta^ 
pie  a,  and  the  weight  of  their  beads  causes  tnem  to  fall  outward 
and  shut  ypon  it.  Then  the  weight  4  pushes  up  the  bolt  y 
into  the  drum,  which  locks  it  to  the  great  wheel,  and  so  the 
ram  is  drawn  up  as  before. 
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As  the  follower  comes  down,  it  causes  the  drum  to  ttirn 
backward,  and  unwinds  the  rope  from  it,  whilst  the  horses, 
great  wheel,  trundle,  and  fly,  go  on  with  an  uninterrupted 
motion  ;  and  as  the  drum  is  turned  backward,  the  counterpoise 
w  is  drawn  up,  and  its  rope  t  wound  upon  the  spiral  fusee  d. 

There  are  several  holes  in  the  under  side  of  the  drum,  and 
the  bolt  Y  always  takes  the  first  of  them  that  it  finds,  when  the 
drum  stops  by  the  falling  of  the  follower  upon  the  ram ;  until 
which  stoppage  the  bolt  has  not  time  to  slip  into  any  of  the 
holes. 

The  peculiar  advantages  of  this  engine  are,  that  the  weight 
called  the  ram,  or  hammer,  may  be  raised  with  the  least  force ; 
that,  when  it  is  raised  to  a  proper  height,  it  readily  disengages 
itself  and  falls  with  the  utmost  freedom  ;  that  the  forceps  or 
tongs  are  lowered  down  speedily,  and  instantly  of  themselves 
again  lay  hold  of  the  ram  and  lift  it  up. 

This  engine  was  placed  upon  a  barge  on  the  water,  and  so 
was  easily  Conveyed  to  any  place  desired.  The  ram  was  a  ton 
weight;  and  the  guides  bb,  by  which  it  was  let  fall,  were  30 
feet  high. 

Description  of  Bunce^s  Pile'engine. 

Fig.  1  and  2.  plate  XXII.  represent  a  side  and  front  section 
of  the  machine.  The  chief  parts  are,  a,  fig.  1.  which  are  two 
endless  ropes  or  chains,  connected  by  cross  pieces  of  iron,  B 
(fig.  2).  corresponding  with  two  cross  grooves  cut  diametrical- 
ly opposite  in  the  wheel  c  (fig.  1.),  into  which  they  are  received; 
and  by  which  means  the  rope  or  chain  a  is  carried  round,  fhk 
is  a  side-view  of  a  strong  wooden  frame  moveable  on  the  axis 
H.  D  is  a  wh^el,  over  which  the  chain  passes  and  turns  within 
at  the  top  of  the  frame.  It  moves  occasionally  from  f  to  o 
upon  the  centre  h,  and  is  kept  in  the  position  f  by  the  weight 
I  fixed  to  the  end  k.  In  fig.  3.  l  is  the  iron  ram,  which  is  con- 
nected with  the  cross  pieces  by  the  hook  m.  n  is  a  cylindrical 
piece  of  wood  suspended  at  the  hook  at  o,  which,  by  sliding 
freely  up  the  bar  that  connects  the  hook  to  the  ram,  always 
brings  the  hook  upright  upon  the  chain  when  at  the  bottom  of 
the  machine,  in  the  position  of  gp.     See  fig.  I  • 

When  the  man  at  s  turns  the  usual  crane-work,  the  ram  being 
connected  to  the  chain  and  passing  between  the  guides,  is  drawn 
up  in  a  perpendicular  direction ;  and  when  it  is  near  the  top 
of  the  machine,  the  projecting  bar  g  of  the  hook  strikes  against 
a  cross  piece  of  wood  at  u  (fig.  1.),  and  consequently  discharges 
the  ram  ;  while  the  weight  i  of  the  moveable  frame  instantly 
draws  the  upper  wheel  into  the  position  shown  at  F,and  keeps 
the  chain  free  of  the  ram  in  its  descent.  The  hook,  while  de- 
scending, is  prevented  from  catching  the  chain  by  the  wooden 
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piece  N :  for  that  piece  being  specifically  lighter  than  the  irotl 
weight  below,  and  moving  with  a  less  degree  of  velocity,  cannot 
come  into  contact  with  the  iron  till  it  is  at  the  bottom  and  the 
ram  stops.  It  then  falls,  and  again  connects  the  hook  with  the 
chain,  which  draws  up  the  ram  as  before. 

In  this  machine,  as  well  as  Vauloue's,  the  motion  of  the  first 
wheel  is  uninterrupted,  so  that  very  little  time  is  lost  in  the 
operation :  with  a  slight  alteration  it  might  be  made  to  work 
with  horses.  It  has  the  advantage  over  Vauloue*s  engine  in 
point  of  simplicity ;  it  may  be  originally  constructed  at  less  ex- 
pense, and  is  not  so  liable  to  be  deranged.  Both,  however, 
are  ingenious  performances,  and  part  of  their  construction 
might  be  advantageously  introduced  into  other  machines. 

PIPES,  for  conveying  of  water,  for  pumps,  water  engines, 
&c.  are  usually  of  lead,  iron,  earth,  or  wood  :  the  latter  are 
usually  made  of  oak  or  elder.  Those  of  iron  are  cast  in  forges ; 
their  usual  length  is  from  six  to  eight  feet :  several  of  these  are 
commonly  fastened  together  by  means  of  four  screws  at  each 
end,  with  leather  or  old  hat  between  them,  to  stop  the  water. 
Those  of  earth  are  made  by  the  potters ;  these  are  fitted  into 
one  another,  one  end  being  always  made  wider  than  the  other. 
To  join  them  the  closer  and  prevent  their  breaking,  they  are 
covered  with  tow  and  pitch :  tfieir  length  is  usually  abput  that 
of  the  iron  pipes.  The  wooden  pipes  are  trees  bored  with 
large  iron  augers  of  different  sizes,  beginning  with  a  less,  and 
then  proceedmg  with  a  larger  successively;  the  first  being 
pointed,  the  rest  being  formed  like  spoons,  increasing  in  dia- 
meter from  one  to  six  inches  or  more :  the  pipes  are  fitted  into 
the  extremities  of  each  other  (as  represented  in  pL  XXII.  fig. 
1.),  and  are  sold  by  the  foot. 

Wooden  pipes  are  bored  either  by  a  borer  advancing  hori- 
zontally while  the  wood  to  be  pierced  is  turned  round,  m  some 
such  manner  as  in  boring  of  ordnance ;  or,  by  causing  the 
timber  to  be  gradually  advanced,  while  the  borer  turns  round : 
the  latter  method  is  the  most  common.  The  apparatus  most 
frequently  adopted,  when  the  first  mover  is  a  stream  of  water, 
is  that  invented  by  M.  Morel,  and  described  by  Belidor  (Archi- 
tecture Hydraulique,  tom.  I.)  This  machinery  is  represented 
at  pi.  XXII.  fig.  ].  where  the  vertical  wheel  a  is  put  into  mo- 
tion by  water  descending  upon  it  through  a  trough  or  sloping 
canal :  upon  the  horizontal  axle  of  this  wheel  is  a  cog-wheel  b, 
which  gives  motion  to  the  lanterns  c,  d,  thejcommon  axis  of 
these  lanterns  being  in  a  vertical  position.  The  lantern  d  turns 
at  the  same  time  two  cog-wheels  £  and  f  :  the  first,  e,  which 
is  vertical,  turns  the  auger  that  bores  the  wood :  and  the  se- 
cond, F,  which  is  horizontal,  has  attached  to  it  by  a  pin  which 
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is  at  a  small  distance  from  its  centre,  a  lever  or  arm  h,  with  a 
hook  at  its  end,  taking  into  the  indentations  of  one  of  the  wheek 
of  the  carriage  that  carries  the  wood  to  be  bored.  Another 
lever,  t,  hanging  upon  the  former,  is  prevented  from  falling  by 
a  spring,  and  pushes  by  its  extremity  against  the  notches  of  the 
lower  end  of  the  same  wheel.  Thus,  as  the  cog-wheel  turns 
round,  the  carriage-wheel  is  first  puUed  forward  by  the  hciok 
and  lever  h,  and  then  pushed  backward  as  far  by  the  arm  i ; 
by  this  means  causing  a  piqion  upon  the  axle  of  the  carriage- 
wheel  to  advance  the  rack  work  above  it,  together  with  the  timoer 
to  be  bored  :  so  that  the  timber  is  advanced  by  a  slight  reci- 

Rroeating  motion  of  the  carriage.  The  auger,  being  general- 
J  some  feet  in  length,  plays  in  boles  in  two  pieces  l,  l,  which 
retain  it  in  its  horizontal  position  ;  and  thus  it  forms  a  cylin- 
drical cavity  in  the  wood,  as  required. 

For  an  account  of  the  ingenious  method  of  boring  stont  pipes 
cAftiployed  at  the  Foit-HiU  Quarry,  in  Gloucestershire,  see  the 
article  pipe  in  the  Pantologta. 

PLANET  WHEELS  are  wheels  by  whose  mutual  connexion 
a  variable  angular  motion,  such  as  that  of  the  radius  vector  of  a 
planet  in  itd  orbit,  may  be  exhibited.  The  common  contrivance 
now  in  use  for  this  purpose  was  invented,  we  think,  bv  Desa- 
guliers :  it  consists  of  two  elliptical  wheels  connected  either 
by  teeth  running  into  each  other,  or  by  a  band ;  these  wheels 
revolve  on  their  foci,  and  while  the  driving  ellipses  move  uni- 
formly, the  radius  vector  of  the  other  has  the  required  motion. 

A  much  older,  and  at  the  same  time /or  better,  method  than 
that  of  Desaguliers,  is  described  in  uie  first  volume  of  the 
Recueil  des  Machines  et^  Inventions  approuv6es  par  TAcad. 
Roy.  des  Sci.  1699  :  it  was  ihe  invention  of  M.  J 61%  de  Dijon. 
The  following  accouAt  of  this  method  is  translated  from  the 
woik  just  mentioned. 

If  it  be  desired  to  move  a  wheel  of  24  teeth  by  a  pinion  of 
6,  in  such  a  manner  that  in  some  parts  of  its  revolution  it  shall 
move  as  swiftly  as  if  it  had  but  twelve  teeth,  and  in  other  parts 
as  slowlv  as  if  it  had  48  teeth,  the  method  of  accomplishij^  thb 
is  as  follows : 

1.  Describe  the  rectangle  lmno  (fig«  1.  pi.  XXIII.)  having 
its  side  no  equal  to  the  radii  of  the  great  wheel  and  the  pinion 
taken  together,  and  its  breadth  lh  equal  to  their  thickness ; 
which  last  must  be  greater  the  more  considerable  the  inequality 
of  the  proposed  movanent  Let  no  be  so  divided  in  q,  that 
Qo  may  be  to  on  as  6  to  48,  that  is  to  sa^,  reciprocally  as  the 
Telocity  of  the  pinion  to  the  greatest  velocity  of  the  wheel.  Also 
divide  lm  in  p  in  the  prc^xnrtion  of  6  to  1§,  or  reciprocally  as 
the  velocity  of  the  pinion  to  the  least  velocity  of  the  wheel 


Th^  join  r^,  and  draw  as  many  Ktles  se  parallel  to  i>M^  as 
there  are  intended  to  be  teeth  in  the  great  wheels ;  upon  which 
write  the  degrees  of  velocity  they  express^  which  are  in  the 
inverse  ratio  of  their  lengths, 

2.  Let  two  trancated  coties  be  formed  in  the  lathe ;  one 
equal  to  that  which  wotild  be  formed  by  the  revolotion  of  th^ 
trapezoid  lpqk  about  lk  as  an  ax;is ;  aild  the  dther  equal  td 
what  would  be  formed  by  the  revolution  of  the  trapezoid  pqmO 
about  the  axis  mo.  On  the  largest  of  these  two  coned  let  the 
circles  generated  by  the  revolution  of  the  points  p^  t,  q,  be 
marked  and  distinguished  by  the  same  numeral  figures  as  the 
corresponding  parallels  of  the  rectangle  uy*  Upon  the  two 
bases  of  the  conic  frustum  describe  radial  lines,  which  shall 
make  angles  at  the  centre  (fig«  9.)  in  the  same  proportion  to 
each  other  as  the  intended  velodties  of  the  wheels  as  e:fi:pre6sed 
in  fig.  2.  and  let  teeth  be  cut  in  the  curve  surface  of  the  cone 
corresponding  with  these  lines  :  after  this,  look  on  the  circles 
that  express  the  different  velocities,  and  have  been  traced  on  the 
same  surface^  to  find  what  part  of  each  tooth  ought  to  remain 
opposite  its  corresponding  radius,  and  cut  or  file  the  rest  away. 
Thus  will  the  teeth  lie  in  an  oblique  or  elliptical  ctirve  on  the 
conical  surface^  as  is  exhibited  in  the  figure  by  a  darker  shade. 
The  pinion  must  be  made  of  a  regular  conic  shape,  as  is  shown 
at  MO  in  fig.  3. 

By  this  contrivance  the  largest  or  widest  teeth  will  always 
meet  the  largest  part  of  the  pinion^  and  the  nan-owest  will  cor'- 
respOnd  with  the  smallest  part :  on  which  account^  though  the 
motion  of  the  pinion  be  unifiD^m,  the  wheel  will  be  carried  un*- 
equably,  according  to  the  assigned  law. 

In  a  similar  manner  may  planet-wheels  be  described  to  eic- 
bibitany  other  proposed  variation* 

PHESS,  a  machine  of  wood,  or  iron,  serving  to  squeeze  afny 
body  very  close. 

Presses  usually  consist  of  six  pieces:  two  flat  smooth  planki^^ 
between  which  the  things  to  be  pressed  are  laid  ;  two  screws  or 
worms  fastened  to  the  lower  plank,  and  passing  thtough  two 
holes  in  the  upper ;  and  two  nuts  in  form  of  an  s,  that  serve  to 
drive  the  upper  plank,  which  is  moveable,  against  the  lower, 
which  is  fixed.    See  Bramah'^s  Machine. 

Passs-xs  ugfed  Jbr  expremng  Liquors  are  in  mo6t  respeets 
the  same  with  the  common  presses,  only  the  underplank  is  per- 
forated wkh  a  great  namber  of  holesfor  the  juice  to  run  through. 
Others  ha/ve  only  one  screw,  or  arbor,  passing  throtigh  the 
middle  of  the  moveable  plank,  which  descends  into  a  kind  of 
square  box  fu.l  of  holes,  through  which  the  juices  flow  as  the 
arbor  is  turned^ 
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Press  used  by  Joiners  to  keep  close  the  pannels,  &c.  of 
wuinscot,  consists  of  two  screws,  and  two  pieces  of  wood,  four 
or  five  inches  square,  and  two  or  three  feet  long,  whereof  the 
holes  at  two  ends  serve  for  nuts  to  the  screws. 

Founders^  press,  is  a  strong  square  frame,  consisting  of  four 
pieces  of  wood  firmly  joined  together  with  tenons,  &c.  It  is  of 
various  sizes :  two  of  them  are  required  to  each  mould  at.the 
two  extremes  whereof  they  are  placed ;  so  as  that,  by  driving 
wooden  wedges  between  the  mould  and  sides  of  the  press,  the 
two  parts  ofthe  mould  for  the  metal  may  be  pressed  close 
together. 

Press,  binders^  cuUing-,  is  a  machine  used  equally  by  book- 
binders,  stationers,  and  pasteboard-makers  ;  consisting  of  two 
large  pieces  of  wood  in  form  of  cheeks,  connected  by  two 
strong  wooden  screws ;  which,  being  turned  by  an  iron  bar, 
draw  together,  or  set  asunder,  the  cheeks,  as  much  as  is  ne- 
cessary for  the  putting  in  the  books  or  paper  to  be  cut.  The 
cheeks  are  jdaced  lengthwise  on  a  wooden  stand  in  form  of  a 
chest,  into  which  the  cuttings  fall.  Aside  of  the  cheeks  are  two 
pieces  of  wood  of  the  same  length  with  the  screws,  serving  to 
direct  the  cheeks,  and  prevent  their  opening  unequally.  Upon 
the  cheeks  the  plough  moves^  to  which  the  cutting-knife  is  fast- 
ened by  a  screw ;  which  has  its  key,  to  dismount  it,  on  occasion, 
to  be  sharpened. 

The  plough  consists  of  several  parts;  among  the  rest,  a 
wooden  screw  or  worm,  which,  catching  within  the  nuts  of  the 
two  feet  that  sustain  it  on  the  cheeks,  brings  the  knife  to  the 
book  or  paper  which  is  fastened  in  the  press  between  two  boards. 
This  screw,  which  is  pretty  long,  has  two  directories,  which 
resemble  those  of  the  screws  of  the  press.  To  make  the  plough 
slide  square  and  even  on  the  cheeks,  so  that  the  knife  may  male 
an  equal  paring,  that  foot  of  the  plough  where  the  knirc  is  not 
fixed  slides  in  a  kind  of  groove,  fastened  along  one  of  the 
cheeks.  Lastly,  the  knife  is  a  piece  of  steel,  six  or  seven  inches 
long,  flat,  thin,  and  sharp,  terminating  at  one  end  in  a  point, 
like  that  of  a  sword,  and  at  the  other  m  a  square  form,  which 
serves  to  fasten  it  to  the  plough. 

As  the  long  knives  used  by  us  in  the  cutting  of  books  or  papers 
are  apt  to  jump  in  the  cutting  thick  books,  the  Dutch  are  said 
to  use  circular  knives  with  an  edge  all  round ;  which  not  only 
cut  more  steadily,  but  last  longer  without  grinding. 

Various  other  presses  are  used  in  different  arts  and  manufac- 
tures ;  but  it  does  not  seem  necessary  to  give  particular  descrip- 
tions of  any  others,  except  the  press  used  in  printing  of  books, 
and  the  rolling  press  used  in  copper-plate  printing. 

The  common  PRiNTiNO-^r^^j  represented  in  pL  XXIII.  is 
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a  curious  and  rather  complex  machine.    The  body  consists  of 
two  strong  cheeks,  a,  a^  standing  perpendicularly,  and  joined 
together  by  four  cross  pieces;  the  cap  i,  and  the  head  c,  which  is 
moveable,  being  partly  sustained  by  two  iron  pins  or  long  screw- 
bolts  that  pass  the  cap ;   the  till  or  shelf  dd,  by  which  the 
spindle  and  its  apparatus  are  kept  in  their  proper  position  ;  and 
the  winter  e^  which  bears  the  carriage,  and  sustains  the  effort  of 
the  press  beneath.    '1  he  spindle  J'  is  an  upright  piece  of  iron 
pointed  with  steel,  having  a  male  screw,  w  hich  goes  into  the  fe- 
male one  in  the  head  about  four  inches.  Through  the  eye  g  of 
this  spindle  is  fastened  the  bar  A:,  by  which  the  pressman  makes 
the  impression.  The  spindle  passes  through  a  hole  in  the  middle 
of  the  till ;  and  its  point  works  into  a  brass  pan,  or  nut,  supplied 
with  oil,  which  is  fixed  to  an  iron  plate  let  into  the  top  of  the 
platen.     The  body  of  the  spindle  is  sustained  in  the  centre  of 
an  open  frame  of  polished  iron,  1,  1,  @,  2,  S,  3,  fixed  to  it  in 
such  a  manner  as,  without  obstructing  its  free  play,  to  keep  it  in 
a  steady  direction  ;  and  at  the  same  time  to  serve  for  suspending 
the  platen.     This  frame  consists  of  two  parts :  the  upper  called 
the  garter,  I,  1  ;  the  under  called  the  crane,  2,  2.     These  are 
connected  together  by  two  short  legs  or  bolts,  3,  3 ;  which 
being  fixed  below  in  the  two  ends  of  the  crane,  pass  upward 
through  two  holes  in  tlie  till,  and  are  received  at  top  into  two 
eyes  at  the  ends  of  the  garter,  where  they  are  secured  by  screws. 
The  carriage  II  is  placed  a  foot  below  the  platen,  having  its 
fore  part  supported  by  a  prop  called  the^r^-s^ojr,  while  the  other 
rests  on  the  winter.    On  this  carriag;e,  which  sustains  the  plank, 
are  nailed  two  long  iron  bars  or  ribs ;  and  on  the  plank  are 
nailed  short  pieces  of  iron  or  steel  called  cramp-irons,  equally 
tempered  with  the  ribs,  and  which  slide  upon  them  when  the 
plank  is  turned  in  or  out     Under  the  carriage  is  fixed  a  long 
piece  of  iron  called  the  spit,  with  a  double  wheel  in  the  middle, 
round  which  leather  girts  are  fastened,  nailed  to  each  end  of  the 

Klank :  and  to  the  outside  of  the  spit  is  fixed  a  rounce  m,  or 
andle,  to  turn  round  the  wheel.  Upon  the  plank  iaa  square 
frame  or  coffin,  in  which  is  inclosed  a  polished  stone,  on  which 
the  form  w  is  laid  ;  at  the  end  of  the  coflBn  are  three  frames,  viz. 
the  two  tympans  and  the  frisket :  the  ty  mpans  o  are  square,  and 
made  of  three  slips  of  very  thin  wood,  and  at  the  top  a  piece  of 
iron  still  thinner ;  that  called  the  outer  tympan  is  fastened  with 
hinges  to  the  coffin :  they  are  both  covered  with  parchment ; 
and  between  the  two  are  placed  blankets,  which  are  necessary 
to  take  ofi'the  impression  of  the  letters  upon  the  paper.  The 
frisket  p  is  a  square  frame  of  thin  iron,  fastened  with  hmges  to 
the  tympan :  it  is  covered  with  paper  cut  in  the  necessary 
places,  that  the  sheet,  which  is  put  between  the  frisket  and.  the 


30«  MACHINES. 

great  or  outward  tympan,  may  reodvethe  ink,  and  that  nothinff 
may  hurt  the  margins.  To  regulate  the  margins,  a.  sheet  of 
paper  is  fastened  upon  this  tympan,  which  is  called  the  tympan 
sh^et ;  and  on  each  side  is  fixed  an  iron  point,  which  makes  two 
holes  in  the  sheet,  which  is  to  be  placed  on  the  same  points 
when  the  impression  is  to  be  made  on  the  other  side.  In  pr^- 
paring  the  press  for  working,  the  parchment  which  covers  the 
outer  tympan  is  wetted  till  it  is  very  soft,  in  order  to  render  the 
impression  more  equable ;  the  blankets  are  then  put  in,  and 
secured  from  slipping  by  the  inner  tympan :  then,  while  one 
pressman  is  beating  the  letter  with  the  balls  covered  with  ink 
taken  from  the  ink  block,  the  other  person  places  a  sheet  of 
white  paper  on  the  tympan  sheet;  turns  down  the  frisket  uppn 
it,  to  keep  the  paper  clean  and  prevent  its  slipping ;  then,  bring- 
ing the  tvmpans  upon  the  form,  and  turning  the  rounce,  be 
brings  the  lorm  with  the  stone,  &c.  weighing  about  90()  lbs. 
weignt,  under  the  platen ;  pulls  with  the  bar,  by  which  means 
the  platen  presses  the  blankets  and  paper  close  upon  the  letter, 
whereby  lialf  the  form  is  printed  ;  then  easing  the  bar,  he  draws  * 
the  form  still  forward ;  gives  a  second  pull,  and  letting  go  the 
bar,  turns  back  the  form,  takes  up  the  tympans  ana  frisket, 
takes  out  the  printed  sheet,  and  lays  on  a  fresh  one ;  and  this  is 
repeated  till  he  has  taken  off  the  impression  upon  the  full  num- 
ber of  sheets  the  edition  is  to  consist  of.  One  side  of  the  sheet 
being  thus  printed,  the  form  for  the  other  is  laid  upon  the  press, 
and  worked  off  in  the  same  manner. 

For  a  minute  description  of  the  several  parts  of  a  common 
press,  of  the  various  implements  employed  in  printing,  and  of 
Lord  Stanhope*s  improved  press,  the  reader  is  referred  to  Mr. 
Stower's  valuable  work,  **  The  Printer's  Grammar.'* 

We  must  here  say  a  little  respecting  the  recent  improve- 
ments in  printing ;  though  we  have  not  room  to  present 
more  than  a  very  general  account.  For  some  time  the 
^'  Times'^  newspaper  has  been  entirely  printed  by  machinery; 
that  is  to  say,  the  forms,  or  pages,  being  composed  and  made 
up,  in  the  usual  manner,  have  been  worked  off  by  means 
of  machinery,  moved  by  a  steam  engine,  instead  of  being 
printed  at  the  common  press.  The  paper,  since  this  change  in 
the  mode  of  working,  has  not  only  been  as  well  printed,  but 
much  better  than  before.  The  number  that  can  be  worked  in 
one  hour  is  stated  at  1100. 

It  is  somewhat  remarkable,  that  while  this  invention,  which 
has  taken  a  long  time  to  perfect  it,  has  been  in  progress,  another, 
for  the  same  object,  was  also  carrying  on  by  Mr.  l^acon,  of 
Norwich,  and  Mr.  Donkin  (engineer)  of  Bermondsey,  which 
was  set  to  work  within  a  day  after  the  former.     Mr.  Baoon  hs^s 


PlllNTIKG-PRfiSS.  303 

fiublished  a  prospectus  of  the  latter  ttiacfaine,  to  which  is  ad4ed 
the  following  notice  i — *^  Since  this  prospectus  was  printed,  the 
machine  has  been  set  to  work  on  a  French  Testament  in  this 
city,  for  the  British  and  Foreign  Bible  Society.     It  is  worked 
by  one  man  and  two  boys ;  and  we  may  venture  to  affirm,  that, 
in  the  ordinary  manner  in  which  the  London  newspapers  are 
printed,  many  more  eopiei  than  the  number  stated  by  the  THme9 
could  be  taken  off  with  the  greatest  case^     DrrMilner,  the 
Master  of  Qaeen'*s  College,  Mr.  Wood,  President  of  St.  John'^s, 
and  Mr.  Kaye,  since  Master  of  Christ'^,  as  a  deputation  from 
the  Syndics  of  the  Pre^sat  Cambridge,  have  also  inspected  the 
machine,  and  have  manifested,  by  their  readiness  to  contract 
with  the  Patentees  for  its  introduction  at  the  University,  all  the 
eeal  which  might  be  expected  in  that  body  for  the  cause  of 
literature  and  of  the  art. — These  are  the  earliest  patrons  of  the 
machine.^ 

As  we  cannot  convey  to  our  readers  a  foil  description  of 
either  of  these  machines,  we  must  content  ourselves  with  briefly 
stating  their  general  principles.  In  that  of  the  Times,  the  forms 
are  laid  upon  a  travelling  carriage,  as  in  the  common  press,  but 
having  a  range  of  such  length  that  the  form,  by  passing  under  a 
system  of  rollers,  receives  a  charge  of  ink,  and  still  going  on, 
receives  from  another  roller  the  sheet  pressed  down  upon  it,  by 
passing  under  the  roller :  when  through,  the  sheet  is  taken  off; 
the  form  receives  another  charge  of  ink  from  rollers,  and,  on  its 
return  presents  another  sheet^  which  has,  in  the  interim,  been 
placed  on  the  paper  roller — and  so  alternately,  in  going  and 
retumingj  a  sheet  is  printed.— In  Messrs.  Bacon  and  Donkin's 
machine,  there  is  no  reciprocating  motion.     The  types  are 
placed  on  a  prism  of  as  many  sides  as  the  nature  of  the  form 
requires.     This  prism  occupies  the  centre  of  an  upright  frame, 
like  the  rollers  in  a  copperplate-press :  below  this  is  a  kind  of 
compound-faced  roller,  suited  to  the  form  of  the  prism ;  be- 
tween these,  the  sheets  to  be  printed  (attached  to  the  face  of  a 
piece  of  cloth)  are  passed  in  succession ;  and,  in  the  mean  time, 
the  revolution  of  the  type-prism  brings  its  diflbrent  portions  in 
succession  under  a  system  of  inking-roliers  placed  over  it,  by 
which  it  receives  charges  of  ink,  to  be  delivered  to  the  sheets 
as  they  pass  in  succession  between  the  lower  rollers. 

The  press  of  the  Tirnes  has  cost  the  proprietors  upwards 
of  eight  thousand  pounds — a  sum,  however,  speedily  re- 
funded by  the  savings  that  arise  from  the  invention,  as  it 
allows  the  discharge  of  pressmen  on  that  establishment  whose 
wages  amounted  to  £25  a  week ;  while  the  number  of  composi- 
tors may  be  also  much  reduced,  by  its  obviating  the  necessity 
for  a  duplicate  of  tlie  types- of  the  inner  form,  which  the  more 
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respectable  daily  prints  have  of  late  years  found  necessary.  It 
was  first  stated  in  the  Times  that  the  apparatus  multiplied  copies 
at  the  rate  of  1 100  per  hour:  it  will  produce  them  now  with 
mudi  greater  speedy  and  with  astonishing  clearness  and  beauty. 
The  invention  is  protected  by  a  patent ;  but  itself  is  its  best 
protector.  The  apparatus  requires  a  great  space^  and  is  very 
complicated;  the  plan  of  the  old  printing-press  is  scarcely 
brought  to  mind  by  that  of  the  new  one :  the  carriage  and 
something  like  its  ribs  are  the  only  parts  that  have  any  likeness 
to.  Caxton^s  or  Stanhope^s  machinery.  The  ink  is  communi- 
cated to  the  types  by  several  rollers,  under  which  the  form 
passes  in  its  progress  towards  a  cylinder  of  about  three  feet 
diameter,  on  which  the  sheets  of  paper  are  successively  laid : 
so  that  something  of  the  principle  of  the  copperplate- press  is 
in  this  new  apparatus  extended  to  the  letter-press.  The  ink  is 
distributed  on  the  rollers  with  so  much  accuracy,  that  the  terms 
^^mmks'*  diud  ^^JHar^*  will  in  a  few  years  be  unknown  in 
printing.  Some  inconvenience  from  ^^  picks"  remains  to  be 
prevented.  Confident  expectations  are  entertained  that  the 
apparatus  will  be  in  a  short  time  so  simplified,  as  to  bring  the 
expense  of  it  within  the  means  of  all  respectable  printers. 

As  this  invention  has  raised  great  expectations,  we  insert  ex- 
tracts from  a  letter  published  by  Mr.  Koenig  on  this  subject ; 
it  shows,  also,  the  state  of  the  Continent,  and  suggests  one  cause 
of  British  superiority,  in  whatever  operations  depend  on  in- 
genuity and  industry. 

"  The  first  idea  relating  to  this  invention  occurred  to  me 
eleven  years  ago,  and  the  first  experiments  were  made  soon 
after  in  Saxony.  My  original  plan  was  confined  to  an  im- 
proved press,  in  which  the  operation  of  laying  the  ink  on  the 
types  was  to  be  performed  by  an  apparatus  connected  with  the 
motion  of  the  cofiin,  in  such  a  manner  that  one  hand  could  be 
saved.  As  nothing  could  be  gained  in  expedition  by  this  plan, 
the  idea  soon  suggested  itselito  move  this  press  by  machinery, 
or  to  reduce  the  several  operations  to  one  rotatory  motion,  to 
which  any  first  mover  might  be  applied.  Its  execution  was 
not  completed,  when  I  found  myself  under  the  necessity  of 
seeking  assistance  for  the  further  prosecution  of  it. 

*^  There  is  on  the  Continent  no  sort  of  encouragement  for  an 
enterprise  of  this  description.  The  system  of  Patents,  as  it 
exists  in  England,  being  either  unknown^  or  not  adopted  in  the 
continental  states,  there  is  no  inducement  for  individual  enter^ 
prise^  and  projectors  are  commonly  obliged  to  oifer  their  dis- 
coveries to  some  Government,  and  to  solicit  encouragement. 
I  need  hardly  add,  that  scarcely  ever  is  an  invention  brought  to 
maturity  under  such  circumstances.    The  well-known  fact. 
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that  almost  every  invention  seeks,  as  it  were,  refuge  in  England, 
and  is  there  brought  to  perfection,  where  the  Government  docs 
not  afford  any  other  protection  to  inventors  than  what  is  derived 
from  thewisdom  of  the  laws,  seems  to  indicate  that  the  Conti- 
nent has  yet  to  learn  from  her  the  best  manner  of  encouraging 
the  mechanical  arts.  I  had  my  full  shnre  in  the  ordinary  dis* 
appointments  of  continental  projectors  ;  and  after  having  lost 
in  Germany  and  Russia  upwards  of  two  years  in  fruitless  ap* 
plications,  I  arrived  about  eight  years  ago  in  England,  where 
1  was  introduced  to  and  soon  joined  by  Mr.  Thomas  Biensley, 
a  printer  so  well  known  to  the  literary  world,  tjiat  the  mention 
of  his  name  is  sufficient. 

**  The  execution  of  the  plan  was  begun,  and  as  the  experi* 
ments  became  very  expensive,  two  other  gentlemen,  Mr.  George 
Woodfall,  and  Mr.  Richard  Taylor,  eminent  printers  in  Lon- 
don, joined  us. 

'^  After  many  obstructions  and  delays,  the  firat  printing  ma- 
chine was  completed  exactlv  on  the  plan  which  i  have  described 
in  the  «pecification  of  my  first  patent,  dated  March  0,9,  1810. 
It  was  set  to  work  in  April  18 1 1.  The  sheet  (H)  of  the  new 
Annual  Register  for  I8i0,  **  Principal  Occurrences,''  SOOO 
copies,  was  printed  with  it,  and  is,  I  have  no  doubt,  the  first 
part  of  a  book  ever  printed  with  a  machine. 

*^The  actual  use  of  it,  however,  soon  suggested  new  ideas, 
and  led  to  the  rendering  it  less  complicated  and  more  powerful. 
Impressions  produced  by  means  of  cylinders,  which  had  like- 
wise been  already  attempted  by  others  without  the  desired 
effect  were  again  tried  by  me  upon  a  new  plan,  namely,  to 
place  the  sheet  round  the  cylinder,  thereby  making  it,  as  it 
were,  part  of  its  periphery.  After  some  promising  experi- 
ments, the  plan  for  a  new  machine  on  this  principle  was  made, 
and  a  manufactory  established  for  the  purpose.  Since  this  time 
1  have  had  the  benefit  of  my  friend  Mr.  Bauer's  assistance, 
who,  by  the  judgment  and  precision  with  which  he  executed 
my  plans,  has  greatly  contributed  to  their  success.  The  new 
machine  was  completed  in  December,  1812,  after  great  diffi- 
culties attending  the  cylindrical  impression.  Sheets  G  and  X 
of  Clarkson's  Life  of  Fenn,  vol.  1,  are  the  first  printed  with  an 
entirely  cylindrical  press.  The  papers  of  the  Protestant  Union 
were  also  printed  with  it  in  February  and  March,  1813.  Sheet 
M  of  Alton's  Hortus  Kewensis,  vol.  V.  will  show  the  progress 
of  improvement  in  the  use  of  this  machine.  All  together  Uiere 
are  about  160,000  sheets  now  in  the  hands  of  the  public,  printed 
with  this  machine,  which,  with  the  aid  of  two  hands,  takes  off 
800  in  the  hour.  It  is  accurately  described  in  the  specifications 
of  my  two  patents,  dated  Oct.  80,  1812,  and  July  23, 1613. 

VOL.   II.  X 
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"  The  machines  now  printing  the  Times  and  Evening  MaU 
are  on  the  same  principle  as  that  just  mentioned ;  but  they  have 
been  contrived  for  the  particular  purpose  of  a  newspaper  of 
-extensive  circulation,  where  expedition  is  the'  great  object. 

"  The  first  introduction  of  tne  invention  was  considered  by 
^ome  as  a  difficult  and  even  hazardous  step.  The  proprietor  of 
the  Times  having  made  that  his  task,  the  public  are  aware  that 
it  is  in  good  bands. 

«  Fr.  KoENiG.'' 

Since  the  last  edition  of  this  work  was  published,  the  con- 
struction of  printing  machinery  has  been  still  farther  improved. 
We  cannot  here  enter  into  all  the  minutiae ;  but  our  engraving 
of  Bensley's  Printing  Machine^  g'ven  upon  pi.  XLl  II,  exhibits 
of  itself  a  tolerably  intelligible  view  of  its  nature,  and  of  tha 
process  of  printing  through  its  instrumi&ntality. 

A  boy  is  represented  as  laying  on 

A  the  sheet  of  white  paper. 

B  the  Cylinder  which  prints  the  first  side  of  the  paper. 

c  intermediate  Cylinders  over  which  tlie  paper  travels  to 

D  the  Cylinder  which  gives  the  final  impression. 

£  the  Inking  Rollers  under  which  the  Form  (i.  e.  the  types) 
is  in  the  act  of  passing.   . 

F  the  Reservoir  of  Ink,  from  which  the  Inking  Rollers  are 
^supplied. 

G  the  Form,  receiving  its  last  inking  before  it  goes  under  the 
Printing  Cylinder. 

H  a  sheet  is  seen  just  being  delivered  into  the  hands  of 
another  Boy,  whose  business  it  is  to  keep  the  sheets,  as  they 
«ome  out,  in  a  heap. 

The  lines  at  top  of  the  machine  represent  the  Tapes,  which 
run  round  the  Cylinders  and  secure  the  sheet. 

Lithographic  Printing'TB.i,8S.  The  process  of  lithography 
has  now  attained  so  much  eminence,  that  it  will  not  be  unin- 
teresting to  our  readers  to  meet  with  a  description  of  the  pre^ 
and  rollers  used,  according  to  the  best  construction,  anci  the 
manner  of  printing.     See  pi.  XLIII,  where 

Fig,  4.  Is  a  side  elevation  of  the  press,  with  the  scraper, 
partly  down. 

5.  A  cross  section  through  the  middle. 

6.  A.  horizontal  plan  of  the  upper  part. 

7.  Detail  of  the  manner  in  which  the  scraper  is  held  down 
durinff  the  impression. 

8.  End  elevation  of  the  press. 

. .  9.  To  explain  the  manner  in  which  the  centre  of  motion  of 
tbe  scraper  is  raised  and  lowered. 
Xhe  press  consists  of  a  strpqg  frame,  baying  on  the  uppec 
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part  a  platten,  or  bed,  a,  to  receive  the  stooe^  and-  whidb  is 
moved  along  grooves  in  the  upper  part  of  the  frame  by  means 
of  a  star-wheel,  i,  to  the  axle  of  which  is  fixed  a  cylinder,  c. 
On  this  cylinder  tlie  straps  d,  dy  are  gathered,  wnich  work 
over  the  pulleys,  e,  fixed  to  the  bed. 

When  the  stone  is  placed  on  the  bed,  and  ready  for  the  im- 
pression, the  frisket,  or  cover,  f,  of  the  bed  is  brought  down 
from  the  position  marked  by  the  dotted  outline  in  fig.  4,  and 
shut  over  the  stone,  as  shown  in  the  same  figure.  This  cover 
consists  of  a  strong  piece  of  calf's  skin,  stretched  by  screws  with 
nuts  and  hooks,  which  catch  hold  of  an  iron  rod  sewed  along 
one  end  of  the  skin.  The  other  end  of  it  is  fixed  to  the  oppo- 
site end  of  the  frame  (see  fig.  6).  The  cover  is  fixed  to  the 
bed  by  hinges,  g,  which  can  be  screwed  at  different  heights, . 
according  to  the  thickness  of  the  stones.  When  the  cover  is 
opened,  it  rests  against  the  frame  h,  which  can  be  adjusted  to 
different  heights.     (See  figs.  4  and  8.) 

The  cross  piece  i  having  the  scraper  Tc  fixed  in  it,  is  now . 
brought  down,  and  the  catches  /  lock  into  the  upper  of  the 
piece  n  sliding  between  the  grooved  upright  m.    This  is  shown , 
more  in  detail  in  fig.  4;  the  upper  part,  where  the  catches 
lock,  is  of  iron,  and  lias  a  joiut  and  handle  to  pull  it  out  when 
the  scraper  is  to  be  unlocked.     A  spring,  o,  keeps  it  generally, 
in  an  upright  position,  to  be  ready  to  hold  the  catches  /,  L 

When  tne  scraper  is  locked  down,  the  printer  sets  his  foot 
on  the  treadle  p  of  the  lever,  which  presses  the  scraper  with 
great  power  on  the  stone.  The  pressure  is  by  a  double  lever. 
Having  a  connecting  rod,  q^  which  can  be  adjusted  so  as  to 
bring  the  upper  arm  r  nearer  to  the  treadle,  when  an  increase . 
of  pressure  is  required,  or  a  thinner  stone  is  placed  on  the  bed, 
which  makes  it  necessary  to  bring  the  scraper  lower  down. 
The  arm  r  passes  through  an  iron  frame  on  the  sliding  piece  w, 
and  thus  brings  it  down  when  the  treadle  is  depressed.  The 
hook  s  holds  down  the  treadle  during  the  impression. 

The  star-wheel  b  is  now  turned  round,  and  by  this  mption 
the  bed  is  drawn  under  the  scraper,  and  the  impressiQn  is 
taken.  The  bed  passes  over  a  roller^,  which  is  placed  with 
its  centre  directly  under  the  scraper  (see  fig.  5).  , 

As  the  stones  are  not  always  of  the  same  thickness,  the. 
scraper  must  be  brought  to  different  heights.  Fig.  9  shows 
an  adjusting  screw  for  the  purpose  of  regulating  the  end 
farthest  from  the  catches,  there  being  a  sliding  piece  between^ 
the  grooved  uprights  w,  in  which  the  centre  is  fixed,  on  which 
the  cross  piece  i  turns.  The  iron  r,  fig.  5,  stops  the  cross 
piece  and  scraper  from  falling  b^ck. 

When  the  bed  has  been  drawa  out,  the  printer  releases  the 

x2 
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tl-eadle,  which  is  raised  up  by  the  balance  weight  w,  and  the 
seraper  being  unlocked  and  thrown  back,  the  bed  is  drawn  to 
Its  first  position  by  the  weight  jr. 

As  the  surface  of  the  stone  is  not  always  quite  parallel  to  the 
bed,  a  simple  contrivance  has  been  adopted  to  allow  a  self  ad- 
justment of  the  scraper,  which  is  allowed  to  turn  on  the  centre, 
and  pressed  down  by  a  spring  acting  on  each  end,  but  yielding 
if  necessary  at  either.  It  is  shown  by  the  dotted  lines  in  fig.  5. 
The  screw  y,  presses  the  scraper  lower,  or  raises  it,  if  required. 

The  scrapers  are  made  of  beech  wood. 

The  Roller, — The  roller  for  inking  the  drawing  is  of  the 
forni  represented  in  the  plate,  fi^.  10.  The  length  may  vary, 
but  it  ought  to  be  full  four  inches  in  diameter.  It  is  covered  with 
flannel,  rolled  tightly  three  or  four  times  round,  and  nailed  at 
the  ends.  It  is  then  covered  with  a  stretched  calf-skin,  fitting 
quite  tight.  The  seam  must  be  made  neatly  with  the  boot- 
maker's closing  stitch.  The  ends  of  the  leather  are  gathered 
with  a  string,  and  tied  round  the  projecting  ends  of  the  roller. 
Loose  handles,  a,  a,  made  of  thick  leather,  are  put  on  these 
ends  when  it  is  used.  The  leather  must  be  put  on  the  roller 
^ith  the  rough  side  outwards. 

Printing  Ink. — The  printing  ink  is  composed  as  other 
printing  inks  are,  of  oil,  varnish,  and  very  fine  lamp-black,  well 
mixed  together.  To  prepare  the  varnish,  a  saucepan  is  about 
half  filled  with  pure  linseed  oil,  and  heated  over  a  fire,  till  it 
imites  from  the  flame  of  a  piece  of  burning  paper.  It  should 
then  be  allowed  to  burn  till  it  is  reduced  to  Uie  degree  required ; 
and  if  during  the  operation,  there  appears  danger  of  its  boiling 
over,  it  must  be  immediately  taken  off  the  fire,  and  the  cover, 
which  ought  to  fit  quite  close  on  the  saucepan,  must  be  put  on 
to  extinguish  the  flame.  This  is  to  prevent  accidents;  and  the 
operator  cannot  be  sufficiently  cautioned  against  the  danger 
attending  the  burning  of  the  varnish,  which  ougfit  never  to  be 
performed  in  a  room  with  a  boarded  floor,  or  indeed  in  any 
part  df  a  liouse.  Wet  sacks  are  the  best  things  to  put  out  the 
flame  in  case  of  accident. 

Several  inks  mustbeprepared,  differing  in  the  degree  of  vis- 
cidity, or  thickness  of  the  varnish  from  which  they  are  made, 
and  the  quantity  of  black  mixed  with  them.  The  longer  the 
oil  is  burned,  the  thicker  the  varnish  becomes. 

The  thinnest  varnish  is  burned  till  it  has  lost  nearly  one- 
fourth  of  its  volume. 

The  next  till  it  is  reduced  one-third. 

The  thickest  till  it  is  reduced  one-half. 

These  directions  are  to  be  considered  as  very  general  ones ; 
and  the  state  of  the  varnish  is  best  judged  of  during  the  burn- 
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ingy  by  taking  out  some  witli  a  spoon;  and  letting  a  drop  fall 
on  a  cold  earthenware  plate,  and  trying  its  degree  of  viscidity 
with  the  finger.  The  thinnest  sort  should  be  like  common  honey, 
the  other  should  draw  out  in  strings,  which  will  be  longer  as 
the  varnish  is  thicker.  The  thickest  will  draw  out  in  strings 
two  or  three  feet  long. 

It  is  quite  essential  to  have  the  oil  pure,  and  the  saucepan 
perfectly  clean,  and  to  keep  the  varnish  in  clean  close  jars  in  a 
cool  place. 

It  is  best  not  to  make  the  varnish  long  before  it  is  wanted } 
for  if  any  decomposition  takes  place  in  it,  the  drawing  will  be 
spoiled  by  the  printing  ink. 

The  black  is  mixed  with  the  varnish  on  a  grinding  stone  with 
a  mqller,  in  small  successive  quantities;  care  being  taken  that 
the  first  portion  of  black  is  equally  mixed  with  the  varnish 
before  a  second  is  added.  In  the  thickest  inks  this  requires 
considerable  labour. 

By  mixing  the  varnishes  together,  any  degree  of  stiflfhess  of 
the  ink  may  be  obtained ;  and,  by  putting  more  or  less  black, 
its  thickness  is  regulated. 

The  printer  must  always  have  by  him  several  small  pots, 
each  containing  a  different  printing  ink,  to  be  used  as  occasion 
requires.  A  small  quantity,  not  more  than  the  size  of  a  hazel- 
nut should  be  used  at  a  time,  for  it  is  desirable  to  charge  the 
roller  with  as  small  a  quantity  as  possible.  It  must  be  worked 
well  on  the  colour  table  with  the  roller  in  all  directions,  that 
it  may  be  equally  distributed  all  over  the  roller. 

Ink  drawings  are  generally  printed  with  a  stiffer  ink  than 
chalk  drawings. 

Preparation  of  the  Stone  for  Printing.— The  drawing  bemg 
finished  on  the  stone  as  before  described,  is  sent  to  the  Litho- 
graphic printer,  on  whose  knowledge  of  his  art  the  success  of 
the  impressions  entirely  depends.  The  first  process  is  to  etch 
the  drawing,  as  it  is  called.  This  is  done  by  placing  the  stone 
obliquely  on  one  edge  over  a  trough,  and  pouring  over  it  very 
dilute  nitric  acid.  It  is  poured  on  the  upper  part  of  the  stone, 
and  runs  down  all  over  the  surface.  The  stone  is  then  turned, 
and  placed  on  the  opposite  edge,  and  the  etching  water,  being 
collected  from  the  trough,  is  again  poured  over  it  in  the  same 
manner.  The  degree  of  strength,  which  is  little  more  than 
one  per  cent,  of  acid,  should  be  such  as  to  produce  a  very  slight 
effervescence;  after  the  etching  water  has  lain  on  the  stone  for 
a  second  or  two,  its  strength  must  vary  according  to  the  heat 
of  the  atmosphere,  and  the  degree  of  fineness  of  the  drawmg- 
It  is  desirable  to  pass  the  etching  water  two  or  three  times  over 
the  darkest  parts  of  the  drawing,  as  thdy  require  more  etching 
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than  the  lighter  tints.  Some  stoneis  also,  and  different  chalks^ 
require  different  degrees  of  strength  of  the  acid,  and  experience 
alone  can  guide  the  Lrithographer  in  his  practice  on  this  point. 
Chalk  drawings  require  weaker  a^id  than  the  ink. 

The  stone  is  now  carefiiUy  washed,  by  pouring  clean  rain 
water  over  it,  and  afterwards  with  gum-Water ;  ana,  when  not 
too  wet,  the  roller,  charged  with  printing-ink,  is  rolled  over  it 
in  both  directions — sideways,  and  from  top  to  bottom,  till  the 
drawing  takes  the  ink.  It  is  then  well  covered  over  with  a 
solution  of  gum-arabic  in  water,  of  about  the  consistency  of 
oil.  This  is  allowed  to  dry,  and  preserves  the  drawing  from 
any  alteration,  as  the  lines  cannot  spread,  in  consequence  of 
the  pores  of  the  stone  being  filled  with  the  gum.  After  the 
etching,  it  is  desirable  to  leave  the  stone  for  a  day,  and  best  not 
to  leave  it  more  than  a  week,  before  it  is  printed  from.  In 
some  establishments  a  few  proofs  are  taken  immediately 
after  the  drawing  is  etched,  but  it  is  better  not  to  do  so. 
{Giasgow  Mech,  Mag.) 

The  Rolling-v^'Ess^  as  it  has  been  commonly  used  in  cop- 
per-plate printing,  is  represented  in  fig.  3.  pL  XV.  This  ma- 
chine, like  the  common  press,  may  be  divided  into  two  parts, 
the  body  and  carriage^  analogous  to  those  in  the  other. 

The  body  consists  of  two  cheeks  pp  of  different  dimensions, 
ordinarily  about  four  feet  and  a  half  high,  a  foot  thick,  and  two 
and  a  half  apart,  joined  at  tap  and  bottom  by  cross  pieces. 
The  cheeks  are  placed  perpendicularly  on  a  wooden  stand  or 
foot,  LM,  horizontally  placed,  and  sustaining  the  whole  press. 
From  the  foot  likewise  rise  four  other  perpendicular  pieces,  c,  c, 
c,  c,  joined  by  other  cross  or  horizontal  ones  d,  d,  d,  which  may 
be  considered  as  the  carriage  of  the  press,  as  serving  to  sustain  a 
smooth,  even  plank,  hik,  about  four  feet  and  a  half  long,  two 
feet  and  a  half  broad,  and  an  inch  and  a  half  thick :  upon  which 
the  engraven  plate  is  to  be  placed.  Into  the  cheeks  go  two 
wooden  cylidders  or  rollers  de,  fg,  about  six  inches  in  diame- 
ter, bdrne  up  at  each  end  by  the  cheeks,  whose  ends,  which  are 
lessened  to  about  two  inches  diameter,  and  called  trunnicms^ 
turn  in  the  cheeks  between  two  pieces  of  wood,  in  form  of  half- 
moons,  lined  with  polished  iron,  to  facilitate  the  motion.  The 
i^ace  in  the  half-moons,  left  vacant  by  the  trunnion,  is  filled 
with  paper,  pasteboard,  &c.  that  they  may  be  raised  and  lowered 
at  discretion ;  so  as  only  to  leave  the  space  between  them  neces- 
sary for  the  passage  of  the  plank  charged  with  the  plate,  paper, 
and  blankets.  Lastly,  to  one  of  the  trunnions  of  the  upper 
roller  is  fastened  a  cross,  consisting  of  two  levers  ab,  or  pieces 
of  wood  traversing  each  other.  The  arms  of  this  cross  serve 
in  lieu  of  the  handle  of  the  common  press ;  giving  a  motion  to 
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Ae  apper  raUdr^  sbd  that  to  the  under  one ;  by  mhkli  means^ 
thepiank  is  protruded,  or  passed  between  them. 

The  practice  of  printing  from  copper-plates  is  nearly  as* 
follows.  The  workmen  take  a  small  quantity  of  the  ink  on  a 
rubber  made  of  linen  rogs,  strongly  bound  about  each  other,  and 
with  this  smear  the  whole  face  of  the  plate  as  it  lies  on  a  grate 
over  a  charcoal  fire.  The  plate  being  sufficiently  inked,  they 
first  wipe  it  over  with  a  foul  rag,  then  with  the  palm  of  their  left 
hand,  and  then  with  that  of  the  right;  and  to  dry  the  hand  and 
forward  the  wiping,  thev  rub  it  from  time  to  time  in  whitings. 
The  address  of  tlie  workman  consists  in  wiping  the  plate  per- 
fectly clean,  without  taking  the  ink  out  of  the  engraving.  The 
plate  thus  prepared  is  laid  on  the  plank  of  the  press ;  over  the 
plate  is  laid  the  paper,  first  well  moistened,  to  receive  the 
impression ;  and  over  the  paper  two  or  three  folds  of  flannel. 
Things  being  thus  disposed,  the  arms  of  the  cross  are  pulled, 
and  by  that  means  the  plate  with  its  furniture  is  passed  through 
between  the  rollers,  which  pinching  very  strongly,  yet  equally^ 
presses  the  moistened  paper  into  the  strokes  of  the  engraving 
whence  it  takes  out  the  ink,  tod  receives  the  required  impres- 
sion. 

PRESSURE  ENGiNKS  for  raising  water  by  the  pressure  and 
descent  of  a  column  inclosed  in  a  pipe,  have  been  lately  erected 
in  different  parts  of  this  country.  The  principle  now  adverted 
to  was  adopted  in  some  machinery  executed  in  France  about 
1731  (see  fielidorde  Arch.  Hydraul.  lib.  iv.  ch.  1.),  and  was 
likewise  adopted  in  Cornwall  about  sixty  years  ago.  But  the' 
pressure  engine  of  which  we  are  about  to  give  a  particular  de- 
scription is  the  inventioti  of  Mr.  R.  Trevithick,  who  probably 
was  not  aware  that  amy  thing  at  all  similar  had  been  attempted 
before.  This  engine,  a  section  of  which,  on  a  scale  of  a  quarter 
of  an  inch  to  a  foot,  is  shewn  in  pi.  XXIII.  was  erected  about 
HO  years  ago  at  the  Di'uid  Copper  Mine,  in  the  parish  of  Illo- 
gan,  near  Truro,  ab  represents  a  pipe  six  inches  in  diameter,. 
Uirotigb  which  water  descends  from  the  head  to  the  place  of  its 
delivery  to  run  off  by  an  adit  at  s,  through  a  fall  of  34  fathoms 
in  the  whole ;  that  is  to  say,  in  a  close  pipe  down  the  slope  of 
a  bill  200  fathoms  long,  with  26  fathoms  fall ;  then  perpen- 
dicularly  six  fathoms,  tiU  it  arrives  at  b,  and  thence  through 
the  cfngme  from  b  to  s  two  fathoms.  At  the  turn  b  the  water 
enters  into  a  chamber  c,  the  lower  part  of  which  terminates  in 
two  brass  cylhiders  four  inches  in  diameter ;  in  which  two 
plugs  or  pistons  of  lead,  d  and  b,  are  capable  of  moving  up  and 
down  by  their  piston  rods,  which  pass  tnrougb  a  close  packing 
above,  and  are  attached  to  the  extremities  of  a  chain  leading 
over  and  properly  attached  to  the  wheel  a,  so  that  it  cannot  slip. 
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The  leaden  pieces  d  and  £  are  cast  in  tlidr  places,  and  hare 
no  packing  whatever.  They  move  very  easily^  and  if  at  any 
time  they  should  become  loose,  they  may  be  spread  out  by  a 
few  blows  with  a  proper  instrument,  without  taking  them  out  of 
their  place.  On  the  sides  of  the  two  brass  cylinders,  in  which 
D  and  £  move,  there  are  square  holes  communicating  towards 
F  and  G,  which  is  an  horizontal  trunk  or  square  pipe,  four  inches 
wide  and  three  inches  deep.  All  the  otner  pipes  g,  g,  and  r, 
are  six  inches  in  diameter,  except  the  principal  cylinder  wherein 
the  piston  h  moves ;  and  this  cylinder  is  ten  inches  in  diameter, 
and  admits  a  nine-feet  stroke,  though  it  is  here  delineated  as  if 
the  stroke  were  only  three  feet. 

The  piston-rod  works  through  a  stuffing  box  above,  and  is 
attached  to  mn,  which  is  the  pit-rod,  or  a  perpendicular  piece 
divided  into  two,  so  as  to  allow  its  alternate  motion  up  and 
down  and  leave  a  space  between,  without  touching  the  fixed 
apparatus,  or  great  cylinder.  The  pit-rod  is  prolonged  down 
into  the  mine,  where  it  is  employed  to  work  the  pumps,  or  if 
the  engine  were  applied  to  mill-work,  or  any  other  use,  this  rod 
would  form  the  communication  of  the  first  mover. 

KL  is  a  tumbler  or  tumbling-bob,  capable  of  being  moved  on 
the  gudgeons  v,  from  its  present  position  to  another,  in  which 
the  weight  l  shall  hang  over  with  the  same  inclination  on  the 
opposite  side  of  the  perpendicular,  and  consequently  the  end  k 
will  then  be  as  much  elevated  as  it  is  now  depressed. 

The  pipe  rs  has  its  lower  end  immersed  in  a  cistern,  by  which 
means  it  delivers  its  water  without  the  possibility  of  the  external 
air  introducing  itself;  so  that  it  constitutes  a  torricellian  column 
or  water  barometer,  and  renders  the  whole  column  from  a  to  s 
effectual :  as  we  shall  see  in  our  view  of  the  operation. 

The  operation.  Let  us  suppose  the  lower  bar  kv  of  the 
tumbler  to  be  horizontal,  and  the  rod  po  so  situated,  as  that  the 
plugs  or  leaden  pistons  d  and  e  shall  lie  opposite  to  each  other, 
and  stop  the  water-ways  g  and  f.  In  this  state  of  the  engine, 
though  each  of  these  pistons  is  pressed  by  a  force  equivalent  to 
more  than  a  thousand  pounds,  they  will  remain  motionless, 
because  these  actions  being  contrary  to  each  other,  they  are  con- 
stantly in  equilibrio.  The  great  piston  h  being  here  shown  as  at 
the  bottom  of  its  cylinder,  the  tumbler  is  to  be  thrown  by  hand 
into  the  position  here  delineated.  Its  action  upon  op,  and  con- 
sequently upon  the  wheel  o,  draws  up  the  plug  d,  and  depresses 
E,so  that  the  water-way  g  becomes  open  from  ab,  and  that  of 
F  to  the  pipe  r  :  the  water  consequently  desc«ids  from  a  to  c ; 
thence  to  gog,  until  it  acts  beneath  the  piston  h.  This  pres- 
sure raises  the  piston,  and  if  there  be  any  water  above  the  pis- 
ton, it  causes  it  to  rise  and  pass  through  f  into  r.     During  the 
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rise  of  the  piston  (which  carries  the  pit-rod  mn  alotlg  with  it),' 
a  sliding  block  of  wood  i,  fixed  to  this  rod,  is  brought  iiito 
contact  with  the  tail  k  of  the  tumbler,  and  raises  it  to  the  hori- 
zontal position,  beyond  which  it  oversets  by  the  acquired 
motion  of  the  weight  l. 

The  mere  rise  of  the  piston,  if  there  were  no  additional  mo- 
tion in  the  tumbler,  would  only  bring  the  two  plugs  d  and  b^ 
to  the  position  of  rest,  namely,  to  close  o  and  f,  and  then  the 
engine  would  stop ;  but  the  fall  of  the  tumbler  carries  the  plug 
D  downwards  quite  clear  of  the  hole  f^  and  the  other  plug  B 
upwards,  quite  clear  of  the  hole  g.  These  motions  require  no 
consumption  of  power,  because  the  plugs  are  in  equilibrio,  as 
was  just  observed. 

In  this  new  situation  the  column  ab  no  longer  communicates 
with  G,  but  acts  through  f  upon  the  upper  part  of  the  piston  h, 
and  depresses  it ;  while  the  contents  of  the  great  cylinder  be- 
neath that  piston  are  driven  out  through  ggg,  and  pass  through 
the  opening  at  e  into  b.  It  may  be  observed,  that  the  column 
which  acts  against  the  piston  is  assisted  by  the  pressure  of  the 
atmosphere,  rendered  active  by  the  column  of  water  hanging  in 
R,  to  which  that  assisting  pressure  is  equivalent,  as  has  already 
been  noticed. 

When  the  piston  has  descended  through  a  certain  length,  the 
slide  or  block  at  t,  upon  the  pit-rod,  applies  against  the  tail  k 
of  the  tumbler,  which  it  depresses,  and  again  oversets;  producing 
once  more  the  position  of  the  plugs  de,  here  delineated,  and 
die  consequent  ascent  of  the  great  piston  h,  as  before  described. 
The  ascent  produces  its  former  effect  on  the  tumbler  and  plugs ; 
and  in  this  manner  it  is  evident  that  the  alternations  will  go  on 
without  limit :  or  until  the  manager  shall  think  fit  to  place  the 
tumbler  and  plugs  de  in  the  positions  of  rest ;  namely,  so  as  to 
stop  the  passages  f  and  g. 

The  length  of  the  stroke  maybe  varied  by  altering  the  posi- 
tions of  the  pieces  t  and  i,  which  will  shorten  the  stroke  the 
nearer  they  are  together ;  as  in  that  case  they  will  sooner  alter- 
nate upon  the  tail  k. 

As  the  sudden  stoppage  of  the  descent  of  the  colunin  ab,  at 
the  instant  when  the  two  plugs  were  both  in  the  water-way, 
miffht  jar  and  shake  the  apparatus,  those  plugs  are  made  half 
an  mch  shorter  than  the  depth  of  the  side  holes ;  so  that  in  that 
case  the  water  can  escape  directly  through  both  the  small  cylin- 
ders to  B.  This  gives  a  moment  of  time  for  the  generation  of 
the  contrary  motion  in  the  piston  and  the  water  in  ggg,  and 
greatly  deadens  the  concussion  which  might  else  be  produced. 
Some  former  attempts  to  make  pressure  engines  uppn  the 
principle  of  the  steam-engine  have  failed ;  because  water,  not 
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being  elastic;^  could  not  be  made  to  carry  the  piston  onwards 
a  little,  so  as  completely  to  shut  one  set  of  valves  and  open 
another.  In  the  present  judicious  construction,  the  tumbler 
performs  the  office  of  the  expansive  force  of  steam  at  the  end 
of  the  stroke. 

Mr.  Boswell  suggests,  as  a  considerable  improvement,  that 
the  action  of  this  engine  should  be  made  elastic  by  the  addition 
of  an  air-chamber,  on  the  same  principle  as  that  used  in  fire- 
en  gities;  this,  he  thinks,  might  be  best  effected  by  making  the 
piston  hollow,  with  a  small  orifice  in  the  bottom,  and  of  a  larger 
size,  to  serve  for  this  purpose,  as  the  spring  of  the  air  would 
then  act  both  on  the  upward  and  downward  pressure  of  the 
water.     (Nich.  Jour.  N.  S.  vols,  i*  ii.) 

PULLEY,  one  of*  the  simple  machines,  or  as  they  are  com- 
monly called,  mechanical potvers ;  its  theory  is  laid  down  in  arts. 
148 — 151,  267,  &c.  of  our  first  volume.  The  present  article 
is  introduced  for  the  purpose  of  mentioning  some  ingenious 
practical  combinations  of  pulleys,  in  addition  to  those  exhibited 
m  pi.  VI.  vol.  i. 

The  usual  methods  of  arranging  pulleys  in  their  blocks  may 
be  reduced  to  two.  The  first  consists  in  placing  them  one  by 
the  side  of  another  upon  the  same  pin  :  the  otner  in  placing 
them  directly  under  one  another  upon  separate  pins.  Each 
of  these  methods  however  is  liable  to  inconvenience ;  and  Mr. 
Smeaton,  to  avoid  the  impediments  to  which  these  combinations 
are  subject,  proposes  to  combine  these  two  methods  in  one. 

A  very  considerable  improvement  in  the  construction  of 
pulleys  has  been  made  by  Mr.  James  White,  who  obtained  a 
patent  for  his  invention,  of  which  he  gives  the  following  de- 
scription* Fig.  6.  pi.  XIX.  shows  the  machine,  consisting  of 
two  pulleys  q  and  r,  one  fixed  and  the  other  moveable.  Each 
of  these  has  six  concentric  grooves  capable  of  having  a  line  put 
round  them,  and  thus  actmg  like  as  many  different  pulleys, 
having  diameters  equal  to  those  of  the  grooves.  Supposing 
then  each  of  the  grooves  to  be  a  distinct  pulley,  and  that  all 
their  diameters  were  equal,  it  is  evident  that  if*  the  weight  144 
were  to  l>e  raised  by  pulling  at  s  till  the  pulleys  toucn  each 
otber^  the  first  pulley  must  receive  the  length  of  line  as  many 
times  as  there  are  parts  of  the  line  hanging  between  it  and  the  . 
lower  pulley.  In  the  present  case  there  are  12  lines  &,  d^  &c. 
hanging  between  the  two  pulleys,  formed  by  its  revolution  about 
the  six  upper  and  lower  grooves.  Hence,  as  much  line  must 
pass  over  the  uppermost  pulley  as  is  equal  to  twelve  times  the 
distance  of  the  two.  But,  from  an  inspection  of  the  figure,  it  i» 

1)lain  that  the  second  pulley  cannot  receive  the  full  quantity  of 
ine  by  as  much  as  is  equal  to  the  dbtance  betwixt  it  and  the 
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first.  In  like  tnann^ry  the  third  pulley  receives  less  than  the 
first  by  as  much  as  is  the  distance  between  the  first  and  third ; 
and  so  on  to  the  last,  which  receives  only  one-twelfth  of  the 
whole.  For  this  receives  its  share  of  line  n  from  a  fixed  point 
in  the  upper  frame,  which  gives  it  nothing ;  while  all  the  others 
in  the  same  frame  receive  the  line  partly  by  turning  to  meet 
it,  and  partly  by  the  line  coming  to  meet  them* 

Supposing  now  these  pulleys  to  be  equal  in  %ize,  atid  to  move 
freely  as  the  line  determmes  them,  it  appears  evident,  from  the 
nature  of  the  system,  that  the  number  of  their  revolutions,  and 
consequently  their  velocities^  must  be  in  proportion  to  the  num* 
ber  of  suspending  parts  that  are  between  the  fixed  point  above 
mentioned,  and  each  pulley  respectively.  Thus  the  outermost 
pulley  would  go  twelve  times  round  in  the  time  that  the  pulley 
nnder  which  the  part  91  of  the  line,  if  equal  to  it,  would  revolve 
only  once;  and  the  intermediate  times  and  velocities  would  be 
a  series  of  arithmetical  proportionals,  of  which,  if  the  first  num- 
ber were  1,  the  last  would  always  be  equal  to  the  whole  number 
of  terms.  Since  then  the  revolutions  of  equal  and  distinct 
pulleys  are  measnred  by  their  velocities,  and  that  it  is  possible 
to  find  any  proportion  of  velocity  on  a  single  body  running  on 
a  centre,  viz.  by  finding  proportionate  distances  from  that 
centre }  it  follows,  that  if  tlie  diameters  of  certain  grooves  in 
the  same  substance  be  exactly  adapted  to  the  above  series  (the 
line  itself  bein^  supposed  irielastic,  and  of  no  magnitude),  the 
necessity  of  using  several  pulleys  in  each  frame  will  be  obviated, 
and  with  that  some  of  the  inconveniences,  to  which  the  use  of 
the  pulley  is  liable. 

In  the  figure  referred  to,  the  coils  of  rope  by  which  the 
weight  b  supported  are  represented  by  the  Imes  a,  6,  c,  &c.: 
a  is  the  line  of  traction,  commonly  called  the  fall,  which  passes 
over  and  under  the  proper  grooves,  until  it  is  fastened  to  the 
upper  frame  just  above  n.  In  practice,  however,  the  grooves 
are  not  arithmetical  proportionals,  nor  can  they  be  so ;  for  the 
diameter  of  the  rope  employed  must  in  all  cases  be  deducted 
from  each  term ;  without  which  the  smaller  grooves,  to  which 
the  said  diameter  bears  a  larger  proportion  Uian  to  the  larger 
ones,  will  tend  to  rise  and  fail  faster  than  they,  and  thus  intro- 
duce worse  defects  than  those  which  they  were  intended  to 
obviate. 

The  principal  advantage  of  this  kind  of  pulley  is,  that  it  de^ 
stroys  lateral  friction,  and  that  kind  of  shaking  motion  which  is' 
so  inconvenient  in  the  common  pulley.  And  lest  (says  Mr, 
White)  this  circumstance  should  give  the  idea  of  weakness,  I 
would  observe,  that  to  have  pins  for  the  pulleys  to  run  on  is 
not  the  only  nor  perhaps  the  best  method ;  but  that  I  sometimes 
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use  centres  fixed  to  the  pulleys,  and  revolving  on  a  very  shdrt 
bearing  in  the  side  of  the  frame,  by  which  strength  is  increased^ 
and  friction  very  much  diminished ;  for  to  the  last  moment  the 
motion  of  the  pulley  is  perfectly  circular:  and  this  very  circum- 
stance is  the  cause  of  its  not  wearing  out  in  the  centre  as  soon 
as  it  would,  assisted  by  the  ever-increasing  irregularities  of  a 
gullied  bearing.  These  pulleys^  when  well  executed,  apply  to 
jacks,  and  other  machines  of  that  nature,  with  peculiar  advan- 
tage, both  as  to  the  time  of  going  and  their  own  durability;  and 
it  IS  possible  to  produce  a  system  of  pulleys  of  this  kind  of  six. 
or  eight  parts  only,  and  adapted  to  the  pocket,  which,  by 
means  of  a  skein  of  sewing  silk,  or  a  clue  of  common  thread, 
will  raise  upwards  of  a  hundred  weight. 

The  friction  of  the  pulley  is  now  reduced  to  almost  nothing 
by  Mr.  Garnetfs  ingenious  patent  friction-rollers,  which  pro-t 
duce  a  great  saving  of  labour  and  expense,  as  well  as  in  the 
wear  of  the  machine,  both  when  applied  to  pulleys  and  to  the 
axles  of  wheel-carriages.  His  general  principle  is  this :  betweea 
the  axle  and  nave,  or  centre  pin  and  box,  a  hollow  space  is  left, 
to  be  filled  up  by  solid  equal  rollers  nearly  touching  each  other. 
These  are  furnished  with  axles  inserted  into  a  circular  ring  at 
each  end,  by  which  their  relative  distances  are  preserved ;  and 
they  are  kept  parallel  by  means  of  wires  fastened  to  the  rings 
between  the  rollers,  and  which  are  riveted  to  them. 

PUMP,  a  hydraulic  machine  for  raising  water  by  the  pr^^ 
isure  of  the  atmosphere. 

The  most  important  and  certain  part  of  the  theory  of  pumps, 
has  been  laid  down  in  arts.  524—538,  of  our  first  volume;  and 
the  construction  of  two  or  three  kinds  has  been  already  de- 
scribed in  this  volume  under  the  articles  c£Nteifit6al  machiney 
FIRE  engine^  forcer,  and  hyduaulic  engines,  A  few  other 
useful,  yet  not  complex,  pumps,  will  be  described  in  the  present 
article :  and  some  account  will  be  added  of  the  most  ingenious 
pistons  and  valves. 

1.  A  modification  of  the  sucking-pump,  which  has  been  much 
recommended,  is  exhibited  in  plate  XXV.  fig.  17.  Here  the 
suction-pipe  co  comes  up  through  a  cistern  kmnl  deeper  or 
longer  tnan  the  intended  stroke  of  the  piston,  and  has  a  valve 
c  at  top.  The  piston,  or  what  acts  in  lieu  of  it,  is  a  tube 
AHGB,  open  at  both  ends,  and  of  a  diameter  somewhat,  larger 
than  that  of  the  suction-pipe.  The  interval  between  them  is 
filled  up  at  H6  by  a  ring  or  belt  of  soft  leather,  which  is  fast- 
ened to  the  outer  tube,  and  moves  up  and  down  with  it,  sliding 
along  the  smoothly  polished  surface  of  the  suction-pipe  with 
very  little  friction.  There  is  a  valve  i  on  the  top  of  this  piston, 
opening  upwards.     Water  is  poured  into  the  outer  cistern. 
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The  outer  cylinder  or  piston  being  drawn  up  From  the  bot- 
tom, there  is  a  great  rarefaction  of  the  air  which  was  between 
them,  and  the  atmosphere  presses  the  water  up  through  the 
suction-pipe  to  a  certain  height ;  for  the  valve  i  keeps  shut  by 
the  pressure  of  the  atmosphere  and  its  own  weight.  Pushing 
down  the  piston  causes. the  air,  which  had  expanded  from  the 
suction-pipe  into  the  piston,  to  escape  through  the  valve  i : 
drawing  it  up  a  second  time  allows  the  atmosphere  to  press 
more  water  into  the  suction-pipe,  to  fill  it,  and  also  part  of  the 
piston.  When  this  is  pushed  down  again,  the  water  which  had 
come  through  the  valve  c  is  now  forced  out  through  the  valve 
I  into  the  cistern  kmnl,  and  now  the  whole  is  full  of  water. 
When,  therefore,  the  piston  is  drawn  up,  the  water  follows, 
and  fills  it,  if  not  33  feet  above  the  water  in  the  cistern ;  and 
when  it  is  pushed  down  again,  the  water  which  filled  the  piston 
is  all  thrown  out  into  the  cistern  ;  and  after  this  it  delivers  its 
full  contents  of  water  every  stroke.  The  water  in  the  cistern 
KMNL  efiectually' prevents  the  entrance  of  any  air  between  the 
two  pipes ;  so  that  a  very  mpderate  compression  of  the  belt  of 
soft  leather  at  the  moutn  of  the  piston  cylinder  is  sufficient  to 
make  all  perfectly  tight. 

It  might  be  made  differently.  The  ring  of  leather  might  be 
fastenea  round  the  top  of  the  inner  cylinder  at  de,  and  slide 
on  the  inside  of  the  piston  cylinder :  but  the  first  form  is  most 
easily  executed.  Muschenbroeck  has  given  a  figure  of  this 
pump  in  his  large  system  of  natural  philosophy,  and  speaks 
very  highly  of  its  performance.  But  we  do  not  see  any  advan- 
tage which  it  possesses  over  the  common  sucking-pump.  He 
indeed  says  that  it  is  without  friction,  and  makes  no  mention  of 
the  ring  of  leather  between  the  two  cylinders.  Such  a  pump 
will  raise  water  extremelv  well  to  a  small  height,  and  it  seems 
to  have  been  a  model  only  which  he  had  examined ;  but  if  the 
suction-pipe  be  long,  it  will  by  no  means  do  without  the  leather; 
for  on  drawing  up  the  piston,  the  water  of  the  upper  cistern 
will  rise  between  the  pipes,  and  fill  the  piston,  and  none  will 
come  up  through  the  suction-pipe. 

We  may  take  this  opportunity  of  observing,  that  most  of  the 
ingenious  contrivances  of  pumps  without  friction  are  of  little 
importance  in  great  works ;  because  the  friction  which  is  com- 
pletely sufiicient  to  prevent  all  escape  of  water  in  a  well-con- 
structed pump  is  but  a  very  trifling  part  of  the  whole  force.  In 
the  great  pumps  which  are  used  in  mines,  and  are  worked  by 
a  steam-engine,  it  is  very  usual  to  make  the  pistons  and  valves 
without  any  leather  whatever.  The  working  barrel  is  bored 
truly  cylindrical,  and.  the. piston  is  made  of  metal  of  a  size  that 
will  just  pass  along  it  without  sticking.     When  this  is  drawn 
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up  with  the  velocity  competent  to  a  properly  loaded  m^chiney 
the  quantity  of  water  which  escapes  round  the  piston  is  insigni- 
ficant. The  piston  is  made  without  leathers,  not  to  avoid  fric- 
tion, which  is  also  insignificant  in  such  works ;  but  to  avoid  the 
necessity  of  frequently  drawing  it  up  fgr  repairs  through  such  a 
length  of  pipes. 

.  ^,  If  a  pump  absolutely  without  friction  be  wanted,  the  fol- 
lowing seems  preferable  for  simplicity  and  performance  to  most 
that  we  have  seen,  when  made  use  oi  in  proper  situations.  Let 
NO  (fig.  18.)  be  the  surface  of  the  water  in  the  pit.  and  k  the 
place  of  delivery.  The  pit  mu§t  be  as  deep  in  water  as  from 
K  to  NO.  ABCD  is  a  woodcn  trunk,  round  or  square,  open  at 
both  ends,  and  having  a  valve  p  at  the  bottom.  The  top  of 
this  trunk  must  be  on  a  level  with  K,  and  has  a  small  cistern 
]^Ai>F.  It  also  communicates  laterally  with  a  rising  pipe 
QHK^  furnished  with  a  valve  at  H  opening  upwards,  lm  is 
a  beam  of  timber  so  fitted  to  the  trunk  as  to  fill  it  without 
sticking,  and  is  of  at  least  equal  length.  It  hangs  by  a  chain 
from  a  working  beam,  and  is  loaded  on  the  top  witn  weights 
exceeding  that  of  the  column  of  water  which  it  displaces. 
Now  suppose  this  beam  allowed  to  descend  from  the  position  in 
which  it  IS  drawn  in  the  figure;  the  water  must  rise  all  around 
it  in  the  crevice  which  is  between  it  and  the  trunk,  and  also 
in  the  rising  pipe ;  because  the  valve  p  sbuts^  and  h  opens;  so 
that  when  the  plunger  has  got  to  the  bottom,  the  water  will 
stand  at  the  level  oik.  When  the  plunger  is  again  drawn  up 
to  the  top  by  the  action  of  the  movmg  power,  the  water  sinks 
Bgain  in  the  trunk,  but  not  in  the  rising  pipe,  because  it  is 
stopped  by  the  valve  h.  Then  allowing  the  plunger  to  descend 
again,  the  water  must  again  rise  in  the  trunk  to  the  level  of  k, 
and  it  must  now  flow  out  at  k;  and  the  quantity  discharged 
will  be  equal  to  the  part  of  the  beam  below  the  surface  of  the 

E it-water^  deducting  the  quantity  which  fills  the  small  space 
etween  the  beam  and  the  trunk.  This  quantity  may  be  re- 
4uced  almost  to  nothing,  for  if  the  inside  of  the  trunk  and  the 
outside  of  the  beam  be  made  tapering,  the  beam  may  be  let 
down  till  they  exactly  fit ;  and  as  this  may  be  done  in  square 
work,  a  good  workman  can  make  it  exceedingly  accurate.  But 
in  this  case,  the  lower  half  of  the  beam  and  trunk  must  not 
taper ;  and  this  part  of  the  trunk  must  be  of  sufficient  width 
round  the  beam  to  allow  free  passage  into  the  rising  pipe.  Or, 
which  is  better,  the  rising  pipe  must  oranch  off  from  the  bottom 
of  the  trunk.  A  discharge  may  be  made  from  the  cistern  eadf, 
so  that  as  little  water  as  possible  may  descend  along  the  trunk 
when  the  piston  is  raised. 
One  great  excellence  of  this  pump  is^  that  it  is  perfectly  free 
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from  all  the  deficiencies  which  in  cotnmori  pumps  resuU 
from  want  of  being  air-tight.  Another  is,  that  tne  quantity  c£ 
water  raised  is  precisely  equal  to  the  power  expended ;  for  any 
want  of  accuracy  in  the  work,  while  it  occasions  a  diminution 
of  the  quantity  of  water  discharged,  makes  an  equal  diminution 
in  the  weight  which  is  absolutely  necessary  for  pushing  down  th^ 
plunger.  We  have  seen  a  machine  consisting  of  two  such  pumps 
suspended  from  the  arms  of  a  long  beam,  the  upper  sideof  which 
was  formed  into  a  walk  with  a  rail  on  each  side,  A  man  stood  on 
one  end  till  it  got  to  the  bottom,  and  then  walked  gently  up  to 
the  other  end,  the  inclination  being  about  twenty-five  degrees 
at  first,  but  gradually  diminished  as  ne  went  along,  and  changed 
the  load  of  the  beam.  By  these  means  he  made  the  other  end 
go  to  the  bottom,  and  so  on  alternately,  with  the  easiest  of  all 
exertions,  and  what  we  are  most  fitted  for  by  our  structure^ 
With  this  machine,  a  very  feeble  old  man,  weighing  1|Q 
pounds,  raised  7  cubic  feet  of  water  1  li  feet  high  in  a  minute, 
and  continued  working  S  or  10  hours  every  day.  A  stout  young 
man,  weighing  nearly  135  pounds,  raised  Sj-  to  the  ^ame 
height;  and  when  he  carried  SO  pounds,  conveniently  slung 
about  him,  he  raised  9^  feet  to  that  height,  working  10  hours 
a-day  without  fatiguing  himself.  This  exceeds  DesaguUers^ 
maximum  of  a  hogshead  of  water  10  feet  high  in  a  minute,  in 
the  proportion  of  9  to  7  nearly.  Jt  is  limited  to  very  moderate 
heights;  but  in  such  situations  it  is  very  efiectual.  Belidor 
applies  a  nearly  similar  contrivance  to  the  working  of  double 
pumps  in  general. 

3.  Anotner  most  ingenious  contrivance  of  a  pump  without 
friction  is  that  of  Mr.  Haskins,  described  in  Phil.  Trans.  Np. 
S70,  and  called  by  him  the  QuiCKSiLVEa  Pump.  Its  construc- 
tion and  mode  of  operation  are  complicated ;  but  the  following 
preliminary  observations  will,  we  hope,  render  them  abundantly 
plain. 

Let  there  (fig.  19.^  be  a  cylindrical  iron  pipe,  about  six  feet 
long,  open  at  top ;  also  another  cylinder,  connected  with  it  at 
bottom,  and  of  smaller  diameter.  It  may  either  be  solid,  or,  if 
hollow,  it  must  be  close  at  top.  Let  a  third  iron  cylinder,  of  an 
intermediate  diameter,  be  made  to  move  up  and  down  between 
the  other  two  without  touching  either,  but  with  as  little  interval 
as  possible.  This  middle  cylinder  communicates,  by  mean$  of 
the  pipe  ab,  with  the  upright  pipe  fe,  having  valves  c  and  p 
(both  opening  upwards)  adjoining  to  the  pipe  of  communication. 
Suppose  the  outer  cylinder  suspended  by  chains  from  the  end 
of  a  working  beam,  and  let  mercury  be  poured  into  the  interval 
between  the  three  cylinders  till  it  fills  the  space  to  about  three-* 
fourths  of  their,  height.    Aho  suppose  that  the  lower  end  of  the 
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pipe  FE  is  immersed  into  a  cistern  of  water,  and  that  the  valve 
D  is  less  than  '>3  feet  above  the  surface  of  this  water. 

Now  suppose  a  perforation  made  somewhere  in  the  pipe  ab, 
and  a  comnmnication  made  with  an  air-pump.  When  the 
air-pump  is  worked,  the  air  contained  in  ce,  in  ab,  and  in 
the  space  between  the  inner  and  middle  cylinders,  is  rarified, 
and  is  abstracted  by  the  air-pump;  for  the  valve  d  imme- 
diately shuts.  The  pressure  of  the  atmosphere  will  cause  the 
water  to  rise  in  the  pipe  ce,  and  will  cause  the  mercury  to  rise 
between  the  inner  and  middle  cylinders,  and  sink  between  the 
outer  and  middle  cylinders.  Let  us  suppose  mercury  1 2  times 
heavier  than  water :  thet)  for  every  foot  that  the  water  rises  in 
EC,  the  level  between  the  outside  and  inside  mercury  will  vary  an 
inch;  and  if  we  suppose  de  to  be  30  feet,  then  if  we  can  rarefy 
the  air  so  as  to  raise  the  water  to  d,  the  outside  mercury  will  be 
depressed  to  q,  r,  and  the  inside  mercury  will  have  risen  to  *,  U 
9Q  and  tr  being  about  30  inches.  In  this  state  of  things, 
the  water  will  run  over  by  the  pipe  ba,  and  every  thing  will 
remain  nearly  in  this  position.  The  columns  of  water  and 
mercury  balance  each  other,  and  balance  the  pressure  of  the 
atmosphere. 

While  things  are  in  this  state  of  equilibrium,  if  we  allow 
the  cylinders  to  descend  a  little,  the  water  will  rise  in  the  pipe 
FE,  which  we  may  now  consider  as  a  suction-pipe ;  for  by  this 
motion  the  capacity  of  the  whole  is  enlarged,  and  therefore  the 
pressure  of  the  atmosphere  will  still  keep  it  full,  and  the  situa- 
tion of  the  mercury  will  again  be  such  that  all  shall  be  in  equi- 
librio.  It  will  be  a  little  lower  in  the  inside  space,  and  higher 
in  the  outside. 

Taking  this  view  of  things,  we  see  clearly  how  the  water  is 
supported  by  the  atmosphere  at  a  very  considerable  height. 
The  apparatus  is  analogous  to  a  syphon  which  has  one  leg 
filled  with  water  and  the  other  with  mercury.  But  it  was  not 
necessary  to  employ  an  air-pump  to  fill  it.  Suppose  it  again 
empty,  and  all  the  valves  shut  by  their  own  weight.  Let  the 
cylinders  descend  a  little.  The  capacity  of  the  spaces  below 
tne  valve  d  is  enlarged,  and  therefore  the  included  air  is  rare- 
fied, and  some  of  the  air  in  the  pipe  ce  must  diffuse  itself  into 
the  space  quitted  by  the  inner  cylinder.  Therefore  the  atmo- 
sphere will  press  some  water  up  the  pipe  fe,  and  some  mercury 
into  the  inner  space  between  the  cylinders.  W  hen  the  cylinders 
are  raised  again,  the  air  which  came  from  the  pipe  ce  would 
return  into  it  again,  but  is  prevented  by  the  valve  c. — Raising 
the  cylinders  to  their  former  height  would  compress  this  air ; 
it  therefore  lifts  the  valve  d,  and  escapes.  Another  depression 
of  the  cylinders  will  have  a  similar  effect.     The  water  will  rise 
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liighcr  in  Fc,  and  the  mercury  in  the  inner  space;  and  then 
after  repeated  strokes  the  water  will  pass  the  valve  c,  and  fill 
the  whole  apparatus,  as  the  air*purop  had  caused  it  to  do  be- 
fore. The  position  of  the  cylinders,  when  things  are  in  this 
situation,  is  rq)resented  in  fig.  20.  the  outer  and  inner  cylinder 
in  their  lowest  position  having  descended  about  SO  inches.  The 
mercury  in  the  outer  space  stands  at  q,  r,  a  little  above  the  mid- 
dle of  the  cylinders,  and  the  mercury  in  the  inner  space  is  near 
the  top  ts  of  the  inner  cylinder.  Now  let  the  cylinders  be 
drawn  up.  The  water  above  the  mercury  cannot  get  back 
again  through  the  valve  o,  which  shuts  by  its  own  weight.  We 
therefore  attempt  to  compress  it ;  but  the  mercury  yields,  and 
descends  in  the  inner  space,  and  rises  in  the  outer  till  both  are 
quickly  on  a  level,  about  the  height  vv.  If  we  continue  to 
raise  the  cylinders,  the  compression  forces  out  more  mercury, 
and  it  now  stands  lower  in  the  inner  than  in  the  outer  space. 
But  that  there  may  be  something  to  balance  this  inequality  of 
the  mercurial  columns,  the  water  goes  through  the  valve  d,  and 
the  equilibrium  is  restored  when  the  height  of  the  water  in  the 
pipe  ED  above  the  surface  of  the  internal  mercury  is  12  times 
the  difference  of  the  mercurial  columns  (on  the  form^*  sup- 
position of  specific  gravity).  If  the  quantity  of  water  be  such 
as  to  rise  two  feet  in  the  pipe  ed,  the  mercury  in  the  outer 
space  will  be  two  inches  higher  than  that  in  the  inner  space. 
Another  depression  of  the  cylinders  will  again  enlarge  the  space 
within  the  apparatus,  the  mercury  will  take  the  position  of 
fig.  1 9.  and  more  water  will  come  in.  Raising  the  cylinders 
will  send  this  water  four  feet  up  the  pipe  ed,  and  the  mercury 
will  be  four  inches  higher  in  the  inner  than  in  the  outer  space. 
Repeating  this  operation,  the  water  will  be  raised  still  higher 
in  de;  and  this  will  go  on  till  the  mercury  in  the  outer  space 
reaches  the  top  of  the  cyliiuler ;  and  this  is  the  limit  of  the 
performance.  The  dimensions  with  which  we  set  out  will 
enable  the  machine  to  raise  the  water  about  SO  feet  in  the  pipe 
ED  ;  which,  added  to  the  30  feet  of  cf,  makes  the  whole  heignt 
above  the  pit-water  60  feet.  By  making  the  cylinders  longer, 
we  increase  the  height  of  fd.  This  machine  must  be  worked 
with  great  attention,  and  but  slowly  ;  for  at  the  beginning  of 
the  forcing  stroke  the  mercury  very  rapidly  sinks  in  the  inner 
space  and  rises  in  the  outer,  and  will  dash  out  and  be  lost.  To 
prevent  tliis  as  much  as  possible,  the  outer  cylinder  terminates 
in  a  sort  of  cup  or  dish,  and  the  inner  cylinder  should  be  tapered 
at  -tlie  top. 

..  '1  he  machine  is  exceedingly  ingenious  and  refined ;  and  there 
is  no  doubt  but  that  its  peribrmance  will  exceed  that  of  any 
other  pump  which  raises  the  water  to  the  same  height,  because 

VOL.  IX.  Y 


SS«  MACHINES. 

friction  is  completely  avoided^  and  thi^re  can  be  no  want  of 
tightness  of  the  piston.  But  this  is  all  its  advantage ;  and  from 
what  has  been  observed,  it  is  but  trifling.  The  expense  would 
be  enormous ;  for  with  whatever  care  the  cylinder^  are  made, 
the  interval  between  ihe  inner  and  outer  cylinders  must  contain 
a  very  great  quantity  of  mercury.  The  middle  cylinder  must 
be  made  of  iron  plate,  and  must  be  without  a  se&m,  for  the 
mercury  would  dissolve  every  solder.  For  snch  reason^  it  has 
never  come  into  general  use.  But  it  would  hftve  been  un« 
pardonable  to  have  omitted  the  description  of  an  invention 
which  is  so  original  and  ingenious;  and  there  are  some 
occasions  where  it  may  be  of  great  use,  as  in  nice  experi- 
ments for  illustrating  the  theory  of  hydraulics^  it  would  give 
the  finest  pistons  for  measuring  the  pressures  of  water,  in 
pipes,  &c. 

4.  Mr.  Thomas  Clark,  of  Edinburgh,  has  recently  invented 
a  quicksilver  pump  for  raising  water,  which  works  almost 
without  friction.  It  has  great  power  in  drawing  and  forcing 
water  to  any  height,  and  is  extremely  simple  in  its  construc- 
tion. It  is  made  by  twisting  a  piece  of  iron  tube  into  the  form 
of  a  ring,  g  q  i,  (fig.  1 .  pi.  XLI V).  having  the  ends  of  the 
tube  bent  into  the  centre  h,  and  again  bent  outwards,  so  as  to 
form  an  axle  to  the  wheel  or  ring  thus  formed.  One  of  the 
ends  of  the  axle  is  inserted,  by  means  of  a  stuffing  box  at  h^ 
into  the  side  of  the  main  pipe  da,  which  leads  down  to  the 
well,  which  allows  it  to  move  easily,  and  at  the  same  time 
keeps  it  air-tight.  In  the  main  pipe  da,  immediately  below 
where  the  axle  is  inserted,  or  at  any  other  convenient  distance, 
is  placed  a  valve  c  lifting  upwards,  another  valve  d  lifting  up- 
wards is  also  placed  immediately  above  the  axle,  or  at  any 
other  convenient  distance.  There  is  now  put  into  the  iron 
ring  a  quantity  of  quicksilver,  filling  it  from  q  to  ;,  which 
slioes  backwards  and  forwards,  as  the  ring  is  made  to  vibrate 
upon  its  axis  in  the  stuffing*box  at  A,  forming  a  vacuum  in 
the  main  pipe  as  the  silver  recedes  in  the  tube  from  g  ioq; 
the  water  rushes  up  from  a  to  fill  the  vacuum,  and  when  the 
silver  slides  back  again  towards  g,  the  water  is  expelled  throti^ 
the  upper  valve  d,  and  escapes  at  the  top  of  the  main  pipe  at 
€.  A  wheel  of  twelve  or  thirteen  feet  diameter  will  lift  water 
the  same  height  as  a  common  lifting  pump,  and  force  it  150 
feet  higher,  almost  without  friction. — (JamkesorCs  Edvnburgh 
Journal,) 

The  following  pump,  without  friction,  may  be  constructed 
in  a  variety  of  ways  by  any  common  carpenter,  without  the 
assistance  of  the  pump-maker,  or  plumber,  and  will  be  very 
effective  for  raising  a  great  quantity  of  water  to  small  heights^ 
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as  in  draining  marshes^  nmrl-pits,  quajrrie%  &d.  c^  even  for  the 
service  of  a  house. 

5.  ABCJ»  (pi.  XXV.  fig.  SI.)  is  a  square  trunk  of  carpenters^ 
work  open  at  both  ends,  and  having  a  UtUe  cistern  and  spout 
at  top.  Near  the  bottom  there  is  a  partition  made  of  board, 
perforated  with  a  hole  e,  and  covered  with  a  clack.  JJTffte, 
present  a  longc^^Iindrtcal  bag  made  of  leather  or  double  canvas 
with  a  fold  of  thin  leather,  such  as  sheepskin,  between  the  can^ 
vas  bags.  This  is  firmly  nailed  to  tlie  board  e  with  soft  leather 
between*  The  upper  end  of  this  bag  is  fixed  on  A  round  board 
leaving  a  holle  and  valve  f«  This  board  may  be  turned  in  the 
lathe  with  a  groove  round  its  edge,  and  tiie  bag  fastened  to  it 
by  a  cM*d  bound  tight  round  k.  The  fin-k  of  the  piston-rod 
vo  is  firmly  fixed  into  thb  board ;  4he  bag  is  kept  distended  by 
a  number  of  wooden  hoops  or  rings  cf  ^rong  ^vreff^fj^fjl 
&c.  put  into  it  at  a  few  inches^  distance  from  each  others  It  wiU 
be  proper  to  connect  these  hoops  before  putting  them  in,  by 
three  or  four  cords  from  top  to  bottom,  which  will  keep  thaai 
at  their  proper  distances.  Thus  will  the  bag  have  the  torm  of 
a  barber's  bellows  powder-puff.  The  distance  between  th^ 
hoops  should  be  about  twice  the  breadth  of  the  rim  cf  the  woodea 
ring  to  which  the  upper  valve  and  piston-rod  are  fixed. 

Now  let  this  trunk  be  immersed  in  the  waler.  It  is  evident 
that  if  the  bag  be  stretdied  from  the  compressed  form  which  its 
orwn  weight  win  give  it  by  drawing  up  the  piston*it>d,  its  cam^. 
city  will  be  enlarged,  the  valve  f  iviQ  be  shut  by  its  own  wetght4 
the  air  in  the  bag  will  be  rarefied^  and  the  atmos{^re  will 
press  the  water  into  the  bag.  When  the  rod  is  thrust  down 
again^  this  water  will  come  out  by  the  valve  <f^  and  fill  part  of 
the  trunk.  A  repetition  of  the  operation  will  have  a  silnildr 
effect ;  the  trunk  will  be  filled^  and  the  water  will  at  last  iw 
^sdiarged  by  the  spout. 

Here  again  is  a  pump  without  fnotion,  and  perfectly  tight* 
For  the  leather  between  the  &lds  of  canvas  readers  the  bag 
impervious  both  to  air  and  water.  And  the  canvas  has  very 
considerable  strength.  We  know  from  experience  that  a  bag 
of  six  inches  diameter,  made  of  sailndoth  No.  3.  with  a  sheep* 
dun  between,  wiH  bear  a  column  of  15  feet  of  water,  and  stand 
six  hours*  work  per  day  ier  a  nK>ntfa  wkhoat  fculure^  and  that 
€t\e  pump  is  considerably  supeiior  in  effect  to  a  common  pump 
of  the  same  dimensions.  We  mmt  ody  obs^ve,  tbid;  the  length 
of  the  bag  must  be  three  times  tbefinteoded  length  of  the  stroke^ 
so  that  when  the  piston-rod  is  in  its  highest  position,  the  angles 
or  ridges  of  the  bag  may  be  pretty  acute.  If  the  bag  be  more 
stretched  timn  this,  the  force  which  must  be  exerted  by  the  la- 
bourer becomes  mudi  greater. tlaan  the  il^eigfat  of  the  odxamn 
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of  water  which  he  is  raising.  If  the  pump  be  laid  aslope, 
which  is  very  usual  in  these  occasional  and  hasty  drawings,  it  is 
necessary  to  make  a  guide  for  the  piston-rod  within  the  trunk, 
that  the  bag  may  play  up  and  down  without  rubbing  on  the 
sides,  which  would  wear  it  quickly  out. 

The  experienced  reader  will  see  that  this  pump  is  very  like 
that  of  Gosset  and  De  la  Deuille,  described  by  Belidor,  vol.  ii. 

J).  12(>,  and  most  writers  on  hydraulics.  It  would  be  still  more 
ike  it,  if  the  bag  were  on  the  under  side  of  the  partition  e,  and 
a  valve  placed  further  down  the  trunk.  But  we  think  that  our 
form  is  greatly  preferable  in  point  of  strength.  When  in  the 
other  atuation,  the  column  of  water  lifted  by  the  piston  tends 
to  "burst  the  bag,  and  this  with  a  great  force,  as  the  intelligent 
reader  well  knows.  But  in  the  form  recommended  here,  the 
bag  is  compressedy  and  the  strain  on  each  part  may  be  made 
much  less  than  that  which  tends  to  burst  a  bag  of  six  inches 
diameter.  The  nearer  the  rings  are  placed  to  each  other  the 
smaller  will  the  strain  be. 

The  same  bag-piston  may  be  employed  for  a  forcing-pump, 
by  placing  it  below  the  partition,  and  inverting  the  valve ;  and 
it  will  then  be  equally  strong,  because  the  resistance  in  this  case 
too  will  act  by  compression. 

6.  An  ingenious  variation  in  the  construction  of  the  sucking- 

£ump  is  that  with  two  piston-rods  in  the  same  barriel,  invented 
y  the  late  Mr.  W.  Taylor,  of  Southampton.  A  vertical  section 
of  this  pump  is  given  m  fig.  1.  pi.  XXIV.  The  piston-rods 
have  racks  at  their  upper  parts  working  on  the  opposite  sides 
of  a  pinion,  and  kept  to  their  proper  positions  by  friction-rol- 
lers. The  valves  used  in  this  pump  are  of  three  kinds,  as  shown 
ata,  6,  andc.  Theformerisa  sphenc  segment  which  slides  upand 
down  on  the  piston-rod,  and  is  brought  down  by  its  own  weight : 
the  second,  4,  is  called  the  pendulum-valve :  and  the  third,  c,  is 
a  globe  which  is  raised  bjr  the  rising  water,  and  falls  again  by 
its  own  weight.  Each  of  these  valves  will  disengage  itself  from 
chips,  sand,  gravel,  &c.  brought  up  by  the  water.  In  this  kind 
of  pump  the  pistons  may  either  be  put  in  motion  by  a  handle 
in  the  usual  way,  or  a  rope  may  pass  round  the  wheel  de  in  a 

Jjroper  groove,  the  two  ends  of  which,  after  crossing  at  the 
ower  part  of  the  wheel,  maybe  pulled  by  one  man  or  more  on 
each  side.  A  pump  of  this  kind,  with  a  seven-inch  bore,  heaves 
a  ton  twenty-four  feet  high  in  a  minute,  with  ten  men,  five  only 
working  at  a  time  on  ^each  side. 

7.  Another  improvement  of  the  common  pump  has  been  made 
by  Mr.  Todd  of  Hull.  This  invention  in  some  particulars 
bears  a  resemblance  to  the  ordinary  one,  but  he  has  contrived 
to  double  its  powers  by  the  following  means : 
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Hayiag  {M*epared  the  paston-^sylinder,  which  may  be  twelve 
feet  high,  necuts  from  the  bottom  thereof  about  three  feet; 
at  the  end  of  the  great  cylinder  he  places  an  atmospheric*valve, 
and  to  the  top  of  the  small  cylinder  a  serving-valve.  In  the 
bottom  of  the  small  cylinder,  which  contains  the  serving-valve, 
is  inserted  an  oblong  elliptical  curved  tube,  of  equal  calibre 
with  the  principal  cy finder,  and  the  other  end  is  again  inserted 
in  the  top  of  the  great  cylinder.  Tliis  tube  is  divided  in  the 
same  manner  as  the  first  cylinder,  with  atmospheric  and  serving 
valves,  exactly  parallel  to  the  valves  of  the  first  cylinder. 
The  pump,  thus  having  double  valves,  produces  double  effects, 
which  effects  tnay  be  still  further  incnaased  by  extending  the 
dimensons. 

The  cylinder  is  screwed  for  service  on  a  male  tube-screw, 
which  projects  from  the  side  of  a  reservoir  or  water  cistern,  and 
is  worked  by  hand. 

The  piston-plunger  is  worked  by  a  toothed  segment-wheel, 
similar  to  the  principle  of  the  one  used  in  working  the  chain- 
pumps  of  ships  belonging  to  the  royal  navy ;  and  the  wheel 
receiver  its  motion  from  a  hand-winch,  which  is  considerably 
accelerated  by  a  fly-wheel  of  variable  dimensions,  at  the  oppo- 
site end. 

This  pump,  in  addition  to  its  increased  powers,  possesses" 
another  very  great  and  prominent  advantage.  By  screwing  to 
it  the  long  leather  tube  and  fire-pipe  of  the  common  engine,  it 
is^  in  a  fevr  minutes  converted  into  an  effective  fire-en^ne. 
Hence,  whoever  possesses  one  may  be  said  to  have  a  convenient 
domestic  apparatus  against  fire.  Three  men  can  work  it ;  one 
to  turn  the  winch,  another  to  direct  the  fire-pipe,  and  a  third 
to  supply  the  water. 

8.  Double,  triple,  or  quadruple  pumps,  admit  of  great  variety 
in  their  construction,  to  suit  different  purposes.     The  best  col- 
lection of  these  with  which  we  are  acquainted  is  to  be  found  ia 
Leupold^s  ThecUrum  Machinarum  HydrayJicarum  .•  some  in. 
this  collection  are  very  singular  and  ingenious,  and  have  par- 
ticular advantages  to  suit  local  circumstances,  and  ^ve  them  a 
preference^  The  late  Mr.  Benjamin  Martin  invented  a  curious 
and  powerful  pump  with  two  pistons,  the  friction  of  which  wafr 
exceedingly  small.    An  admirable  engraving  of  this  pump,  by^ 
Lmry^  is  given  in  vol.  20.  of  Tilloch's  Philosophical  Magazine. 
The  triple  pump,  a  sketch  of  which  may  be  seen  in  fig.  9.  pi:. 
XXIV.  is  taken  from  Bockler's  Theatrum  Mathinarum :  ttie 
nature  of  the  machinery  by  which  this  pump  is  worked  will  be- 
sufficiently  obvious  to  any  person  after  an  inspection  of  the 
figure :  the  horizontal  wheel  c,and  its  shaft  a,  are  turned  by  ther 
capstan  bars  b,  this  wheel  drives  the.  jHuion  d  on  the  axle  of 
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tvhtch  ift  the  eqoattziog  fly  k^  and  the  crank  9 :  tho  rotafurjr 
motion  of  the  crank  alternately  rakes  and  depresses  the  bar  o, 
with  the  lever  h  turning  on  a  roller  and  pivots,  and  thus  works 
the  pump  1 :  at  the  same  time  the  connecting  rods  k  more  in 
like  mann^  the  lever  M,  and  work  the  pump  o ;  and  the  rods  k 
mov^  the  lever  M^  and  work  the  pump  p.  If  the  levers  H,  m,  n, 
are  not  so  contrived  that  the  extremities  of  each  shall  move 
through  equal  spaces,  the  bores  of  t^  o,  and  p,  must  be  made  in 
the  inverse  ratio  of  those  spaces,  otherwise  one  or  other  of  the 
reservoirs  may  be  drawn  dry ;  a  defect  that  should  be  carefully 
guarded  4i^inst. 

9.  Mr.  H.  W.  Revely,  of  King  Street,  West  Bryanstone 
Square,  has  recently  proposed,  in  Dr.  Tilloch's  Meehanie's 
Oracle,  an  improved  pump  for  draining,  of  which,  as  it  may  be 
very  advantageou^y  introduced  in  particular  situations,  we 
transcribe  the  account  into  this  collection. 

The  i>rincipal  objects  in  the  construction  of  this  pump  are 
the  fdlowing. 

^^  To  obtain  a  machine  of  large  dtmett«ons,  and  of  easy 
transportance ; 

**  To  afford  sufficient  scope  (or  the  most  advantageous  ap- 
plication of  the  united  strength  of  many  men,  in  raising  large 
Uodies  of  water  to  moderate  heights,  as  required  in  draining 
large  tracts  of  land,  sinking  foundations,  &c.  &c. 

^*  To  prevent,  as  far  as  possible,  the  choking,  and  final  de- 
struction, of  the  principal  parts  of  the  madiine,  by  the  impuri- 
ties with  which  water,  under  such  circumstances,  is  always 
larded.** 

PI.  XLV.  fig.  1.  Front  elevation  of  the  whole  machine, 
a,  a,  the  frame-work,  usually  constructed  of  wood.  €,  r,  tlie 
lovers  and  hand-l*MIs,  by  which  the  pumps  are  worked,  a&in 
the  common  fire-engine^  wt,  m,  two  stages,  or  platforms,  on 
which  the  meti  standi  A,  h^  the  suction  pipe,  which  branches 
out  into  two,  at  the  u^per  ipart,  in  order  to  supply  both  the 
cylindeHB.  This  fnpe  is  divided  into  short  lengths  by  screw- 
jDints,  to  suit  various  depths.  42,  ^  the  double  rising^pipe, 
which  communicat&s  with  thi^  laiqge  cistern,  or  general  receiver. 
<^^  #,  the  cistern,  or  gei^rai  i^ceiver,  to  which  the  rising-pipe, 
and  pump  cylinders,  a^e  firmly  united.^  the ddivertng spout.  ^ 
N«  B.  The  same  letters  refer  to  the  same  parts  in  ail  the 

figllI«S% 

l^ig,  3.  A  side  section^  showing  the  internal  oonstructiott  of 
the  whole,  o,  the  suction  valve,  p,  the  ri8ing--valve.  r,  a  small 
copper  spring  placed  behind  the  nsing-valve,  in  order  to  ensure 
its  closing  rapidly. 

OhservaHon. — The  valve*  and  their  seats  are  of  aa  oblong 
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jicetangular  form,  and  are  made  entirely  of  metal,  without  any 
fittin|;  whatsoever,  so  that  they  can  never  be  out  of  order. 

Fig.  3.  A  back  view,  with  a  section  of  one  of  the  cylinder^. 
Sf  t,  the  pump-arms,  with  their  pistons  attached  in  the  common 
way. 

Fig.  4.  A  »de  view,  n,  n,  the  spindle,  to  which  the  working 
levers  and  pump-arms  are  attached,  e,  one  of  t]ie  cylinders, 
or  pump-barrels,  which  rise  a  few  inches  above  the  bottom  of 
the  cistern,  to  a  sufficient  height  to  prevent  the  dirt  and  stones, 
accumulated  in  the  latter,  from  failing  in,  but  not  so  high  as 
to  binder  the  clear  water  from  flowing  into  them^  and  keeping 
their  pistons  free  and  air*t]ght.  £*,  a  man-hole,  through  which, 
whep  necessary,  the  valves  may  be  cleaned  and  examined,  q, 
a  plug,  used  for  the  double  purpose  of  discharging  the  pump 
of  its  water,  and  cleaning  the  belly-part,  from  time  to  time,  of 
4:be  sand  and  gravel  which  are  deposited  there  during  the 
working. 

Fig.  .5.  Is  a  plan  of  the  vrhcAe  machine,  with  its  leVers  and 
hand-rails  ready  for  work. 

General  Observations. — It  is  evident  from  this  construction, 
that  the  water  which  is  pumped  up  does  not  pass  through  the 
cylinders ;  it  cannot,  therefore,  although  loaded  with  sand  and 
gravel,  injure  them  in  any  sensible  degree.  The  pistons,  how- 
ever,  are  constantly  woiving  between  two  waters,  and  remain 
perfectly  free  and  air-tight. 

The  machine,  represented  by  this  drawing,  has  the  barrels 
of  its  pumps  of  die  internal  diameter  of  fourteen  inches,  and 
the  length  of  each  iirm  x>f  its  levers  ei^t  feet. 

By  pladiig€six  men  outside,  and  four  men  within  each  himd- 
raiJ^  the  united  stren^li  of  twenty  men,  acting  at  the  extremity 
of  a  long  lever,  may  be  applied  to  working  tbis  pump ;  but  in 
ordinary  cases,  whidce  such  an  exertion  is  not  requisite,  half  that 
number  will  be  sufikoeut 

Tbe  quantity  .of  water  raised  by  this  pump  will  vaiy  accord- 
ing to  the  d^n  fisom  .w4iich  it  is  to  be  xaised,  and  the  power 
applied.  It  may  be  .considered,  however,  in  general,  to  raise 
from  SiOeO  to  8000  cubic  feet  per  <hour. 

10.  Our  attention  may  now  oe  directed  to  some  of  the  differ- 
ent forms  which  may  be  given  to  the  pistons  and  vcdves  of  fi 
pump. 

The  great  desideratum  in  a  piston  is,  that  while  it  be  as  ti^t 
as  possible,  it  should  have  as  little  fiiction  as  is  consist^t  with 
this  indispensable  qualitjr.  The  common  form,  when  carefully 
executed,  possesses  these  prop^es  in  an  emineut  degree.  This 
piston  is  a  sort  of  truncated  cone,  generally  made  of  wood  not 
apt  fto  split,  such  as  elm  or  beech.      The  small  end  of  it  is  cut 
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off  at  the  rides,  so  as  to  form  a  sort  of  arch,  by  which  it  is  fast- 
ened to  the  iron  rod  or  spear*  The  two  ends  of  the  conical 
part  may  be  hooped  with  brass«  This  cone  has  its  larger  end 
surrounded  with  a  ring  or  band  of  strong  leather  fastened  with 
nails,  or  by  a  copper  hoop,  which  is  driven  on  it  at  the  smaller 
end ;  the  further  this  end  reaches  beyond  the  base  of  Ae  cone, 
the  better ;  and  the  whole  must  be  of  uniform  thickness  all 
round,  so  as  to  suffer  equal  compression  between  the  cone  and 
working  barrel.  The  seam  or  joint  of  the  two  ends  of  this  band 
must  be  made  very  close ;  but  not  sewed  or  stitched  together, 
as  that  would  occasion  bumps  or  inequalities,  which  would  spoil 
its  tightness ;  and  no  harm  can  result  from  the  want  of  it,  be- 
cause the  two  edges  will  be  squeezed  close  together  by  the 
compression  in  the  barrel.  Nor  is  it  by  any  means  necessary 
that  this  compression  be  great :  this  is  a  very  detrimental  error 
of  the  pump-makers.  It  occasions  enormous  friction,  and  de- 
stroys the  very  purpose  which  they  have  in  view,  viz.  rendering 
the  piston  air-tight :  for  it  causes  the  leather  to  wear  through 
very  soon  at  the  edge  of  the  cone,  and  it  also  wears  the  working 
barrel.  This  very  soon  becomes  wide  in  that  part  which  is 
continually  passed  over  by  the  piston,  while  the  mouth  remains 
of  its  original  diameter,  and  it  becomes  impossible  to  thrust  in 
a  piston  which  shall  completely  fill  the  worn  part.  Now,  a  very 
moderate  pressure  is  sufficient  for  rendering  the  pump  perfectly 
tight,  and  a  piece  of  glove  leather  would  be  sufficient  for  this 
purpose,  if  loose  or  detached  from  the  solid  cone ;  for  suppose 
such  a  loose  and  flexible,  but  impervious,  band  of  leather  put 
round  the  piston,  and  put  into  the  barrel ;  and  let  it  even  be 
supposed  that  the  cone  does  not  compress  it  in  the  smallest  de- 
gree to  its  internal  surface.  Pour  a  little  water  carefully  into 
the  inside  of  this  sort  of  cup  or  dish  ;  it  will  cause  it  to  swell 
out  a  little,  and  apply  itself  close  to  the  barrel  all  rounds  and  even 
adjust  itself  to  all  its  inequalities.  Let  us  suppose  it  to  touch 
the  barrel  in  a  ring  of  an  inch  broad  all  round.  We  can  easily 
compute  the  force  with  which  it  is  pressed.  It  is  half  the  weight 
of  aring  of  wateran inchdeep  and  an  inchbroad.  Thisisa  triilej 
and  the  friction  occasioned  by  it  not  worth  regarding ;  yet  this 
trifling  pressure  is  sufficient  to  make  the  passage  perfectly  im- 
pervious, even  by  the  most  enormous  pressure  of  a  high  column 
of  incumbent  water :  for  let  this  pressure  be  ever  so  great,  the 
pressure  by  which  the  leather  adheres  to  the  barrel  always  ex- 
ceeds it,  because  the  incumbent  fluid  has  no  preponderating 
power  by  which  it  can  force  its  way  between  them,  and  it  must 
insinuate  itself  precisely  so  far,  that  ks  pressure  on  the  inside  of 
the  leather  shall  still  exceed,  and  only  exceed,  the  pressure  4>y 
which  it  endeavours  to  insinuate  itself;  and  thus  the  piston  be- 
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comes  perfectly  tight  with  the  smallest  possible  friction.  This 
reasoning  is  perhaps  too  refined  for  the  uninstnicted  artist,  and 
probably  wili  not  persuade  him.  To  such  we  would  recommend 
an  examination  of  the  pistons  and  valves  contrived  and  executed 
by  that  artist,  whose  skill  far  surpasses  our  highest  conceptions^ 
the  all-wise  Creator  of  this  world.  The  valves  which  shut  up 
the  passages  of  the  veins,  and  this  in  places  where  an  extrava- 
sation would  be  followed  by  instant  death,  are  cups  of  thin  mem- 
brane,, which  adhere  to  the  sides  of  the  channel  about  half  way 
round,  and  are  detached  in  the  rest  of  their  circumference. 
When  the  blood  comes  in  the  opposite  direction,  it  pushes  the 
membrane  aside,  and  has  a  passage  perfectly  free.  But  a 
stagnation  of  motion  allows  the  tone  of  the  (perhaps)  muscular 
membrane  to  restore  it  to  its  natural  shape,  and  the  least  motiom 
in  the  opposite  direction  causes  it  instantly  to  clap  close  to  the 
sides  of  the  vein,  and  then  no  pressure  whatever  can  force  a 
passage.  We  shall  recur  to  tiiis  again  when  describing  the 
various  contrivances .  of  valves,  &c.  What  we  have .  said  is 
enough  for  supporting  our  directions  for  constructing  a  tight 
piston.  But  we  recommend  thick  and  sttcmg  leather,  while 
our  present  reasoning  seems  to  render  thin  leather  preferable. 
If  the  leather  be  thin,  and  the  solid  piston  in  any  part  does  not 

f)ress  it  gently  to  the  barrel,  there  will  be  in  this  part  an  unba- 
anced  pressure  of  the  incumbent  column  of  water,  which  would 
instantly  burst  even  a  strong  leather  bag ;  but  when  the  solid 
piston,  covered  with  leather,  exactly  fills  the  barrel,  and  is  even 
pressed  a  little  to  it,  there  is  no  such  risk ;  and  now  that  part  of 
the  leather  band  which  reaches  beyond  the  solid  piston  performs 
its  office  in  the  completest  manner.  We  do  not  hesitate,  there- 
fore, to  recommena  this  form  of  a  piston,  which  is  the.  most 
common  and  simple  of  all,  as  preferable,  when  well  executed, 
to  many  of  those  more  artificial,  and  frequently  very  ingenious, 
constructions,  which  we  have  met  with  in  the  works  of  the  first 
engineers. 

.  Belidor,  an  author  of  high  reputation,  has  given  the  de- 
scription of  a  piston  which  he  greatly  extols,  and  is  undoubtedly 
a  Very  gdod  one,  constructed  from  principle,  and  extremely 
well  composed. 

11.  It  consists  of  a  hollow  cylinder  of  metal  (pi.  XXV.  fig. 
&±)  pierced  with  a  number  of  holes,  and  having  at  top  » 
flanch,  whose  diameter  is  nearly  equal  to  that  of  the  working 
barrel  of  the  pump.  This  flanch  has  a  groove  round  it.  There 
is  another  flanch  below,  by  which  this  hollow  cylinder,  is  fastened 
with  bolts  to  the  lower  end  of  the  piston,  represented  in  fig.  ^. 
This  consists  of  a  plate  with  a  grooved  edge  similar  to  ab,  and 
an  intermediate  plate  which  forms  the  seat  of  the  valve.     The 
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composition  of  this  part  is  better  understood  by  inspecting  the 
figure  than  by  any  aescription.  The  [Hston-rod  ht.  is  fixed  to 
the  upper  plate  by  bolts  through  its  different  branches  at  o,  a. 
This  metal  body  is  then  covered  with  a  cylindrical  bag  of  lea- 
ther, fastened  on  it  by  cords  bound  round  it,  filling  up  the 
^grooves  in  the  upper  and  lower  plates.  The  operation  of  the 
piston  is  as  follows. 

A  little  water  is  poured  into  the  pump,  which  gets  past  the 
isides  of  the  piston,  and  lodges  below  in  the  fixed  valve.  The 
pston- being  pudiiMl  down  dips  into  this  water^  and  it  gets  into 
It  by  the  valve.  But  as  the  piston  in  descending  compresses 
the  air  below  it,  this  compressed  air  also  gets  into  the  inside  of 
the  piston,  swells  out  the  bag  which  surrounds  it,  and  com- 
iiresses  it  to  the  sides  of  the  working-barrel.  When  the  piston 
IS  drawn  up  again,  it  must  remain  tight,  because  the  valve  will 
ahat  and  keep  in  the  air  in  its  most  compressed  state ;  therefere 
the  piston  must  perform  well  during  the  suction.  It  must  act 
^equally  well  when  pushed  down  again,  and  act  as  a  forcer; 
finr,  however  ^eat  the  resistance  may  be,  it  will  affect  the  air 
within  the  piston  to  the  same  degree,  and  keep  the  leather  close 
4ipplied  to  the  barrel.  There  can  be  no  doubt  therefore  of  the 
piston^s  performing  both  its  offices  completely ;  but  we  imagine 
that  the  adhesion  to  die  barrel  will  be  greater  than  is  necessary : 
it  will  extend  over  the  whole  surface  of  the  piston,  and  be  equally 
great  in  ev^y  part  of  its  surface ;  and  we  suspect  that  thie 
nriction  will  therefore  be  very  great.  We  have  very  high  au- 
thority £^  suppoMng  iihat  the  adhesion  of  a  piston  of  the  com- 
non  KHm,  carefully  made,  will  be  sudi  as  wul  make  it  perfect- 
ly tight ;  and  it  is  evident  that  the  adhesion  of  Bdidor^s  piston 
will  be  much  greater,  and  it  will  be  productive  of  worse  conse- 
quences. If  the  leather  bag  be  worn  through  in  any  one  place, 
'l»e  atr  escapes,  and  the  pisUm  ceases  to  be  compressed  altoge- 
ther; wheiteas  in  the  common  piston  there  will  very  little  harm 
result  from  the  leather  being  worn  through  in  one  place,  espe- 
-cially  if  it  project  a  good  way  beyond  the  base  o£  the  cone. 
We  still  think  the  common  piston  preferable. 
.  IS.  Belidor  describes  another  forcing  jnston,  which  he  hod 
executed  with  success,  and  prefers  to  the  tx)mmon  wooden 
forcer.  It  consists  of  a  metal  cylinder  or  cone,  having  a  broad 
fflanch  united  to  it  at  one  end,  and  a  similar  flanoh  which  is 
acrewed  on  the  otlier  end.  Between  Aese  two  plates  are  a  num- 
ber of  rings  of  leather  strongly  compressed  by  the  two  flanches, 
and  dien  turned  in  a  lathe  Uke  a  block  of  wood,  till  the  whdLe 
fits  tight,  when  dry,  into  the  barrel.  It  will  swell,  says  he,  and 
soften  with  the  water,  and  withstand  the  greatest  pressured. 
W^  camFiot  help  thmktng  this  but  an  indifferent  piston.  When 


k  wears,  there  is  nothing  to  squeeze  it  to  the  barrel.  It  iday 
indeed  be  taken  out  and  another  ring  or  two  of  leather  put  in, 
or  the  flianches  may  be  more  strongly  screwed  together :  but  all 
this  may  be  done  with  any  kind  of  piston ;  and  this  has  there-* 
fore  no  peculiar  merit. 

13.  The  following  is,  we  thinks  greatly  preferable,  amcd 
(fig.  24.),  is  the  solid  wooden  or  metal  block  of  the  piston ;  kf 
is  a  metal  plate,  which  is  turned  hollow  or  dish-like  below,  so 
as  to  receive  within  it  the  solki  block.  The  pisUm-^od  goes 
through  the  whole,  and  has  a  shoulder  above  the  plate  £F,aod 
a  not  H  bdow.  Four  screw-bolts  also  go  througn  the  whol^ 
having  their  heads  sunk  into  the  biodc,  and  nuts  obove.  The 
packing,  or  stuffing,  as  it  is  termed  by  the  workmen,  is  repre^ 
seated  at  HO.  This  is  made  as  soEd  as  poauble,  and  generally 
consists  of  sc^  hempen  twine  well  soaked  in  a  mixtiu^  of  oil, 
tallow,  and  rosin.  The  plate  bp  is  gently  screwed  down,  aod 
the  whole  is  then  put  into  the  barrel,  fitting  it  as  tight  as  may 
be  thou^t  proper.  When  it  wears  loose,  it  may  be  tightened 
at  any  time  by  screwing  down  the  nuts  which  cause  the  edg$9 
of  the  dKsh  to  squeeze  out  the  packing,  and  compresses  it  against 
the  barrel  to  any  degree^ 

The  greatest  difficulty  in  the  construction  of  a  piston  is  to 
give  a  sufficient  passage  through  it  fisr  tlie  water,  and  yet  allow 
a  firm  support  for  the  valve,  and  fixture  for  the  piston-rod. 
It  oocasbns  a  considerable  expense  of  the  moving  power  to 
force  apistoD  with  a  nat*row  perforation  through  the  waier  lodged 
in  the  working  barrel.  When  we  are  rat«ng  water  to  a 
small  height,  such  as  10  or  ^  feet,  the  power  so  expeoded 
amounts  to  a  fourth  part  of  the  whcde,  if  tne  wat^-way  in  the 
piston  is  less  than  one-half  of  the  section  of  the  barrel,  and  the 
vdocitv  of  the  piston  two  feet  per  second,  which  is  very  moder- 
ate, rhefe  can  be  no  doubt,  therefore,  thmt  metal  pistoas  art 
preferable,  because  their  grealer  strength  allowa  much  wider 
apertures. 

i4.  The  following  piston,  described  and  recommended  by 
Belicbr,  seems  as  perfect  in  these  respects  as  the  nature  m 
things  will  alk>w.  We  shall  tbepefone  describe  it  in  the  autbor^s 
own  words,  as  a  modd  which  may  be  adopted  with  coi^dence 
in  the  greatest  works. 

^  The  body  of  the  piston  is  a  tFuncafced  metal  coae  ccxx 
(fig.  ^.),  having  a  small  fillet  at  theu  greater  end  Fig.  S€. 
shows  the  profile,  and  fig.  37,  the  plan  of  its  upper  base ;  where 
appears  a  cross  bar  db,  pierced  with  an  obbne  mortise  e  for 
receiving  the  tail  of  the  pistoa-rod.  A  band  of  thick  asid 
uniform  leather  a  a  (fig.  26.  and  28.)  is  put  round  this  cone, 
aad  seoared  by  a  brass  hoop  aB  firmly  criven  on  its  smaller 
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end,  where  it  is  previously  made  thinner  to  give  room  for  the' 
hoop. 

**  This  piston  is  covered  ^th  a  leather  valve,  fortified  with 
metal  plates  go  (fig.  S9.)«     These  plates  are  wider  than  the 
hole  of  the  piston,  so  as  to  rest  on  its  rim.      There  are  umiiar 
plates  below  the  leather,  of  a  smaller  size,  that  they  may  go  into 
the  hollow  of  the  piston ;  and  the  leather  is  firmly  neld  be- 
tween the  metal  plates  by  screws  h,  h,  which  go  through  all. 
This  is  represented  by  the  dotted  circle  ik.     Thus  tlie  pressure, 
of  the  incumbent  column  of  water  is  supported  by  the  plates 
GGf  whose  circular  edges  rest  on  the  bnm  of  the  water-way, 
and  thus  straight  ed^  rest  on  the  crosfr-bar  dd  of  fi^.  S6  and 
^7. .   This  valve  is  laid  on  the  top  of  the  conical  box  in  such  a 
manner  that  its  middle  ff  rests  on  the  cross-bar.     To  bind  all 
together,  the  end  of  the  piston-rod  is  formed  like  a  cross,  and 
the  arms  mn  (6^.  30.)  are  made  to  rest  on  the  diameter  ff  of 
the  valve,  the  tad  ep  going  through  the  hole  E  in  the  middle 
of  the  leather,  and  through  the  mortise  e  of  the  cross-bar  of 
the  box ;  as  well  as  through  another  bar  qr  (fig.  S8,  and  ^.) 
which  is  notched  into  the  lower  brim  of  the  box.     A  key  v 
is  then  driven  into  the  hole  t  in  the  piston-rod;  and  this 
wedges  all  fast.     The  bar  qr  is  made  strong;  and  its  extremi- 
ties project  a  little,  so  as  to  support  the  brass  hoop  bb  which 
binds  the  leather  band  to  the  piston-box.^' 
*  This  piston  has  every  advantage  of  strength,  tightness,  and 
large  water-way.    The  form  of  the  valve  (which  has  given  it  the 
name  of  the  biUterfly-valve)  is  extremely  favourable  to  the  passage 
of  the  water ;  and  as  it  has  but  half  the  motion  of  a  complete 
drcular  valve,  less  water  goes  back  while  it  is  shutting. 

15.  The  following  piston  is  also  ingenious,  and  has  a  good 
deal  of  merit,  oppo  (pi.  XXIV.  fig.  5.)  is  the  box  of  the  pis- 
ton, having  a  perforation  q,  covered  above  with  a  flat  valve  x, 
which  rests  in  a  metal  plate  that  forms  the  top  of  die  box. 
ABCBA  is  a  stirrup  of  iron  to  which  the  box  is  fixed  by  screws 
a,  a,  a,  a,  whose  neads  are  sunk  in  the  wood.  This  stirrup  is 
perforated  at  c,  to  receive  the  end  of  the  piston-rod,  and  a  nut 
H  is  screwed  on  below  to  keep  it  fast,  defed  is  another  stir- 
rup, whose  lower  part  at  dd  forms  a  hoop  like  the  sole  of  a  stir- 
rup, which  embraces  a  small  part  of  the  top  of  the  wooden  box. 
The  lower  end  of  the  piston-rod  is  screwed ;  and  before  it  is  put 
into  the  holes  of  the  two^tirrups  (through  which  holes  it  slides 
freely),  a  broad  nut  o  is  screwed  on  it.  It  is  then  put  into 
the  holes,  and  the  nut  h  firmly  screwed  up.  The  packing 
RR  is  then  wound  about  the  piston  as  tight  as  possible,  till  it 
completely  fills  the  working-barrel  of  the  pump.  When  long 
use  has  rendered  it  in  any  degree  loose,  it  may  be  tightened 
again  by  screwing  down  the  nut  g.     This  causes  the  ring  dd 
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to  compress  the  packing  lietween  it  and  the  projecting  shoulder 
of  the  box  at  pp;  and  thus  causes  it  to  swell  out,  and  ai3ply  it- 
self closely  to  the  barrel.  Prony,in  his  Architecture  Hydrau- 
lique^  ascribes  this  invention  to  M.  Bettancourt. 

16.  We  shall  add  only  another  form  of  a  perforated  piston  ; 
which  being  on  a  principle  different  from  all  the  preceding,  will 
isuggest  many  others ;  each  of  which  will  have  its  peculiar  ad- 
vantages, oo  in  fig.  3.  pi.  XXIV.  represents  the  oox  of  this 
piston,  fitted  to  the  working«*barrel  in  any  of  the  preceding  ways 
as  may  be  thought  best,  ab  is  a  cross-bar  of  four  arms,  which 
is  fixed  to  the  top  of  the  box.  cf  is  the  piston-rod  going  through 
a  hole  in  the  middle  of  ab,  and  reaching  a  little  way  beyond 
the  bottom  of  the  box.  It  has  a  shoulder  d,  which  prevents  its 
going  too  far  through.  On  the  lower  end  there  is  a  thick  metal 
platej  turned  conical  on  its  upper  side,  so  as  to  fit  a  copical  seat 
pp  in  the  bottom  of  the  piston-box. 

When  the  piston-rod  is  pushed  down,  the  friction  on  the 
barrel  prevents  the  box  from  immediately  yielding.  The  rod 
therefore  slips  through  the  hole  of  the  cross-bars  ab.  The  plate 
E  therefore  detaches  itself  from  the  box.  When  the  shoulder 
D  presses  on  the  bar  ab,  the  box  must  yield,  and  be  pushed 
down  the  barrels,  and  the  water  gets  up  through  the  perforation. 
When  the  piston-rod  is  drawn  up  agam,  the  box  does  not  move 
till  the  plate  £  lodges  in  the  seat  pf,  and  thus  shuts  the  water- 
way ;  and  then  the  piston  lifts  the  water  which  is  above  it,  and 
acts  as  the  piston  of  a  sucking-pump. 

This  is  a  very  simple  and  effective  construction,  and  makes  a 
very  tight  valve.  It  has  been  much  recommended  by  engineers 
of  the  first  reputation,  and  is  frequently  used ;  and,  from  its 
simplicity,  and  the  great  solidity  of  which  it  is  capable,  it  seems 
very  fit  for  great  works.  But  it  is  evident  that  the  water-way 
is  [united  to  less  than  one-half  of  the  aiea  of  the  working-bar- 
rel. For,  if  the  perforation  of  the  piston  be  one-half  of  the  area, 
the  diameter  of  the  plate  or  ball  £f  must  be  greater ;  and  there- 
fore less  than  half  tne  area  will  be  left  for  the  passage  of  the 
water  by  its  sides. 

17.  We  come  now  to  consider  briefly  the  forms  which  may 
be  given  to  the  valves  of  an  hydraulic  engine. 

The  requisites  of  a  valve  are,  that  it  shall  be  tight,  of  suf- 
ficient strength  to  resist  the  great  pressures  to  which  it  is 
•exposed,  that  it  afford  a  sufficient  passage  for  the  water, 
and  that  it  do  not  allow  much  to  go  back  while  it  is  shut- 
ting. 

The  buttei  fly-valve  represented  in  figures  29,  &c.  is  free  from 
most  of  the  inconveniences,  and  seems  the  most  perfect,  of  the 
clack  valves.  Some  engineers  make  their  great  valves  of  a  py- 
ramidal form,  consisting  of  four  clacks,  whose  hinges  arc  in  the 
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circumference  of  the  water-way,  and  which  meet  with  their 
points  in  the  middle,  and  are  supported  by  four  ribs  which  rise 
up  from  the  sides,  and  unite  in  the  middle.  This  ib  an  excel- 
lent form,  affording  the  most  spacious  water-way,  and  shutting 
very  readily.  It  seems  to  be  the  best  possible  for  a  piston.  The 
rod  of  the  piston  is  branched  out  on  four  sides,  and  the  branches 
go  through  the  piston-box,  and  are  fastened  below  with  screws. 
These  branches  form  the  supp(M*t  £)r  the  four  clacks.  We  have 
seen  a  valve  of  this  form  in  a  pump  of  six  feet  diameter,  which 
discharged  20  hogsheads  of  water  every  stroke,  and  made  1 2 
strokes  m  a  minute,  raising  the  water  amve  22  feet. 

18.  There  is  another  form  of  valve,  called  the  button  or  tail, 
vahe.  It  consists  of  a  plate  of  metal  ab  (fig.  4.  pL  XXIV.) 
turned  conical,  so  as  exactly  to  fit  the  conical  cavity  cA  of  its 
box.  A  tail  cd  projects  nrom  the  under  side,  wtuch  passes 
through  a  cross-bar  ef  in  the  bottom  of  the  box,  and  has  ti 
little  knob  at  die  end,  to  hinder  the  valve  from  rising  too  high. 

This  valve,  when  nicely  made,  is  unexceptionable.  It  has 
^reat  strength,  and  is  therefore  proper  for  all  severe  strains,  and 
It  may  be  made  perfectly  tight  by  grinding.  Accordingly  it  is 
used  in  all  cases  where  this  is  of  indispensable  consequence,  it 
is  most  durable,  and  the  only  kind  tnat  will  do  for  passages 
where  steam  or  hot  water  is  to  go  through.  Its  only  imperfec- 
tion is  a  small  water-way ;  which,  from  what  has  been  said,  can- 
not exceed,  nor  indeed  equal,  one*hdf  of  the  area  of  the  pipe. 

If  we  endeavour  to  enlarge  the  water-way,  by  giving  the 
cone  very  little  taper,  the  valve  frequently  sticks  so  fast  in  the 
«eat  that  no  force  can  detach  them. — And  this  sometimes  hap- 

£ens  during  the  working  of  the  machine ;  and  the  joks  and 
lows  given  to  the  machine  in  taking  it  to  peces,  in  order  to 
discover  what  has  been  the  reason  that  it  has  discharged  no 
^ater,  frequently  detaches  the  valve,  and  we  find  it  Quite  loose, 
and  cannot  tell  what  has  deranged  the  pump.  When  this  is 
guarded  against,  and  the  diminution  of  the  waters-way  is  not  of 
"very  great  consequence,  this  is  the  best  form  of  a  valve. 

19.  Analogous  to  this  is  the  simplest  of  all  valves.  It  is 
nothing  more  than  a  sphere  c£  metal,  to  wUdi  is  fitted  a  seat 
with  a  small  portion  of  a  spherical  cavity.  Nothing  can  fae 
tnore  effectual  than  this  vaWe;  it  always  falls  into  its  prcmer 
{)laee,  and  in  every  position  fits  it  exactly.  Its  only  imperfed- 
4ion  IS  the  great  diminution  of  the  water-way.  if  the  diameter  of 
ihespheredoaotcoanderably  exceed  that  of  the  bole,  tiletoiichiiu; 
parts  have  very  little  taper,  and  it  is  very  apt  to  stick  fast.  It 
opposes  much  less  resistance  to  the  passage  of  the  water  than  the 
fiat  under-surface  of  the  button-^alve.  The  spherical  valve  must 
not  be  made  too  %ht,  otherwise  it  will  be  hurried  up  by  the 
water,  and  much  may  go  back  while  it  is  returning  to  its  ptaoe. 
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Belidor  describes  with  great  minuteness  (vol.  ii.  p.  S31,  &c.) 
a  valve  which  unites  every  requisite.  But  it  is  of  such  nice 
and  delicate  construction,  and  its  defects  are  so  great  when  this 
exactness  is  not  attained,  or  is  impured  by  use,  that  we  think 
it  hazardous  to  introduce  it  into  a  machine  in  a  situation  where 
an  intelligent  and  accurate  artist  is  not  at  hand.  For  this  rea- 
son we  have  omitted  the  description,  which  cannot  be  given  in 
few  words,  nor  without  many  figures;  and  desire  our  curious 
readers  to  consult  that  author,  or  peruse  Dr.  Desaguliers^s  trans- 
lation of  this  passage.  Its  principle  is  precisely  the  same  with 
the  following  rude  contrivance. 

£0.  Suppose  A  BCD  (fi^*  S.  plate  XXIV.)  to  be  a  square 
wooden  tntnk.  £F  is  a  piece  or  oak  board,  exactly  fitted  to  thq 
trunk  in  an  oblique  position,  and  supported  by  an  iron  pin 
which  ^oes  through  it  at  i,  one-third  of  its  length  from  its  lower 
extremity  e.  The  two  ends  of  this  board  are  uevelled,  so  as  to 
apply  exactly  to  the  sides  of  the  trunk.  It  is  evident,  that  if  a 
stream  of  water  come  in  the  direction  ba,  its  pressure  on  the 
part  IF  of  this  board  will  be  greater  than  that  upon  ei.  It  will 
therefore  force  it  up  and  rush  through,  making  it  stand  almost 
parallel  to  the  sides  of  the  trunk.  To  prevent  its  ri^ng  so  far^ 
a  pin  must  be  put  in  its  way.  When  this  current  of  water 
changes  its  direction,  the  pressure  on  the  upper  side  of  the  board 
being  again  greatest  on  the  portion  if,  it  is  forced  back  again 
to  its  former  situation ;  and  its  two  extremities  resting  on  die 
opposite  sides  of  the  trunk,  the  passage  is  completely  stopped* 
This  board  therefore  performs  the  office  of  a  valve  ;  ana  this 
valve  is  the  most  perfect  that  can  be,  because  it  offers  the  freest 
passage  to  the  water,  and  it  allows  very  little  to  get  back  whiie 
It  is  snutting ;  for  the  part  ie  brings  up  half  as  much  water  as 
IF  allows  to  ^  down.  It  maybe  made  extremely  tiffht,  by 
fixing  two  thin  fillets  H  and  o  to  the  ades  of  the  trunk,  and 
covenng  those  parts  of  the  board  with  leather  which  apply 
to  them ;  and  in  this  state  it  perfectly  resembles  Belidor^^s  fine 
valve. 

SI.  This  construction  of  the  valve  suggests,  by  the  way,  a 
form  of  an  occasional  pump,  which  may  oe  quickly  set  up  by 
any  common  carpenter,  and  will  be  very  effectual  in  small 
heights.  Let  abcae  (fig.  2.)  be  a  square  box  made  to  slide  along 
this  wooden  trunk  without  shake,  having  two  of  its  sides  pro- 
jecting upwards,  terminating  like  the  gable  ends  of  a  house.  A 
piece  of  wood  e  is  mortised  into  these  two  sides,  and  to  this  the 
piston-rod  is  fixed.  This  box  being  furnished  with  a  valve 
similar  to  the  one  below,  will  perform  the  office  of*  a  piston* 
If  this  pump  be  immersed  so  deep  in  the  water  that  the  piston 
shall  also  be  under  water,  we  scruple  not  to  say  that  its  perform- 
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dnce  will  be  equal  to  any.  The  piston  may  be  made  abundantly 
tight,  by  covering  its  outside  neatly  with  soft  leather.  And  as 
no  pipe  can  be  bored  with  greater  accuracy  than  a  very  or- 
dinary workman  can  make  a  square  trunk,  we  think  this 
pump  will  not  be  very  deficient  even  for  a  considerable  suc- 
tion. 

Thus  much  will,  we  hope,  suffice  for  the  descriptive  part  of 
these  useful  machines :  as  to  the  theory  of  the  motion  of  water 
in  pumps,  at  the  same  time  that  it  is  extremely  intricate,  it 
presents  but  few  results  that  are  of  any  practical  utility.  The 
curious  student  may  be  referred  to  the  MaschinenUhre  of 
Langsdorf,  the  HydrodynamiqiLe  of  Bossut,  the  HydraiUique 
of  Buat,  Hachette's  Traile  Elementaire  des  Machines^  the 
Architecture  Hydraulique  of  Prony,  and  the  article  Pump  in 
the  Encyclopaedia  Britannica.  The  last  two  pieces  have  fur- 
nished us  with  the  most  valuable  parts  of  the  present  article. 
Some  remarks  on  the  variable  motion  of  the  piston-rod  may  be 
seen  under  the  title  parallel  motion  in  this  volume, 

PYROMETER,  a  machine  contrived  to  measure  the  ex- 
pansion of  metals,  and  other  bodies,  occasioned  by  heat. 

Muschenbroeck  was  the  original  inventor  of  the  Pyrometer : 
the  nature  and  construction  of  his  instrument  may  be  under- 
stood from  the  following  account.  If  we  suppose  a  small  bar  of 
metal,  12  or  15  inches  in  length,  made  fast  at  one  of  its  extre- 
mities, it  is  obvious  that  if  it  be  dilated  by  heat  it  will  befcome 
lengthened,  and  its  other  extremity  will  be  pushed  forwards. 
If  this  extremity  then  be  fixed  to  the  end  of  a  lever,  the  other 
end  of  which  is  furnished  with  a  pinion,  adapted  to  a  wheel,  and 
if  this  wheel  move  a  second  pinion,  the  latter  a  third,  and  so  on, 
it  will  be  evident  that  by  multiplying  wheels  and  pinions  in 
this  manner,  t}ie  last  will  have  a  very  sensible  motion  ;^  so  that 
the  moveable  extremity  of  the  small  bar  cannot  pass  over  the 
hundredth  or  thousandth  part  of  a  line,  without  a  point  of  the 
circumference  of  the  last  wheel  passing  over  several  inches.  If 
this  circumference  then  have  teeth  fitted  into  a  pinion,  to  which 
an  index  is  attached,  this  index  will  make  several  revolutions, 
when  the  dilatation  of  the  bar  amounts  only  to  a  quantity  alto- 
gether insensible.  The  portions  of  this  revolution  may  be 
measured  on  a  dial-plate,  divided  into  equal  parts ;  and  by  means 
of  the  ratio  which  the  wheels  bear  to  the  pinions,  the  absolute 
quantity  which  a  certain  degree  of  heat  may  have  expanded  the 
small  bar  can  be  ascertained :  or,  conversely,  by  the  dilatation 
of  the  small  bar  the  degree  of  heat  which  has  oeen  applied  to 
it  may  be  determined. 

Such  is  the  construction  of  M uschenbroeck's  pyrometer.  It 
is  necessary  to  observe  that  a  small  cup  is  adapted  to  the  ma- 
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chine,  in  order  to  receive  the  liquid  or  fused  matters,  sul^ected 
to  experiment,  and  in  which  the  bar  to  be  tried  is  immersed.  : 

When  it  is  required  to  measure,  by  this  instrument,  a  con- 
siderable degree  of  heat,  such  as  that  of  boiling  oil  or  fused 
metal,  fill  the  cup  with  the  matter  to  be  tried,  and  imin^setfae 
bar  of  iron  into  it.  The  dilatation  of  the  bar,  indicated  by  the 
index,  will  point  out  the  degree  of  heat  it  has  assumed,  and 
which  must  necessarily  be  equal  to  that  of  the  matter  into  which 
it  is  immersed. 

This  machine  evidently  serves  to  determine  the  ratio  of  the 
dilatation  of  metals,  &c. :  for  by  substituting  in  tlie  room  of  the 
pyrometric  bar  other  metallic  bars  of  the  same  length,  and  then 
exposing  them  to  an  equal  degree  of  heat,  the  ratios  of  theu: 
dilatation  will  be  shown  by  the  motion  of  the  index. 

Muschenbroeck  has  given  a  table  of  the  expansion  of  the 
diflerent  metals,  in  the  same  degree  of  heat.  Having  prepared 
cylindric  rods  of  iron,  steel,  copper,  brass,  tin,  and  lead,  he 
exposed  them  first  to  a  pi^rometer  with  one  flame  in  the  middle ; 
th^n  with  two  flames ;  and  successively  to  one  with  three,  four, 
and  five  flames.  But  previousio this  trial,  he  took  care  tocooi 
them  equally,  by  exposing  them  some  time  upon  the  same 
sfione,  when  it  began  to  freeze,  and  Fahrenheit's  thermometer 
was  at  thirty-two  degrees.  The  eflects  of  these  experiments  are 
digested  in  the  following  table,  where  the  degrees  of  expansion 
are  marked  in  parts  equal  to  the  i^j^^e^  part  of  an  inch. 


Expansion  of 

Iron 

Steel 

85 

Copper 

Brass 

Tin 

Lead 
155 

274 

t 

By  one  flame 

80 

89 

110 

153 

B^  two  flames  placed 
t    close  togetner 

117 
109 
142 

123 

94 

168 

270 
310 

115 

220 

.    By  two  flames  2J 
inches  distant 

92 

141 

219 

263 

By  three  flames  placed 
close  together 

193 

275 

By  four  flames  placed 
close  together 

211 
230 

270 

361 

By  five  flames 

310 

377 

It  is  to  be  observed  of  tin,  that  it  will  easily  melt,  when  heated 
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hj  two  flames  placed  together.  Lead  commonly  meks  with 
three  flames,  placed  togetner,  especially  if  they  bum  long. 
-^  From  these  experiments,  so  far  as  they  are  correct,  it  appears, 
at  firdt  view,  that  iron  is  the  least  expancled  of  any  of  these  metals, 
whether  it  be  heated  by  one  or  more  flames;  and  therefore  is 
most  proper  for  making  machines  or  instruments  which  we 
iwould  have  free  from  any  alterations  by  heat  or  cold,  as  the 
rods  of  pendulums,  for  clocks,  &c.  So  likewise  the  measures 
of  yards  or  feet  should,  if  of  metal,  be  made  of  iron,  that  their 
length  may  be  as  nearly  as  possible  the  same,  summer  and 
winter.  The  expan^on  of  lead  and  tin,  by  only  one  flame,  is 
nearly  the  same ;  that  is,  almost  double  of  the  expansion  of  iron. 
It  is  likewise  observable,  that  the  flames  placed  toother  cause 
a  greater  rarefaction  than  when  they  have  a  sensible  interval 
bktween  them ;  iron,  in  the  former  case,  bein^  expanded  117 
degrees,  and.  only  109  in  the  latter;  the  reason  of  which  differ- 
ence is  obvious.  By  comparing  the  expansions  of  the  same 
metal,  produced  by  one,  two,  three,  or  more  flames,  it  appears, 
that  two  flames  do  not  cause  double  the  expansion  of  one ;  nor 
three  flames  three  times  that  expansion,  but  always  less ;  and 
these  expansions  differ  so  much  the  more  from  the  ratio  pf  the 
number  of  flames,  as  there  are  more  flames  acting  at  the.  same 
time.  It  is  also  observable,  that  metals  are  not  expanded  equally 
At  the  time  of  their  melting,  but  some  more,  some  less.  Thus 
tin  began  to  run,  when  rarefied  £19  degrees ;  whereas  brass  was 
expanded  377  degrees,  and  yet  was  far  from  melting. 

"By  the  help  of  this  instrument  Mr.  Ellicott  found  upon  a 
medium,  that  the  expansions  of  bars  of  different  metals,  as 
nearly  of  the  same  dimensions  as  pos^ble,  by  the  same  degree 
of  heat,  were  as  follow  : 

Gold,      Snlver,      Brass,      Copper,      Iron,       Steel,      Lead, 
73  103  95  89  60  5()         149 

The  great  difference  between  the  expansions  of  iron  and 
brass  has  been  applied  with  good  success  to  remedy  the  irregu- 
larities inv  pendulums  arising  from  heat.  (Phil.  Trans,  vol. 
xlvii.  p.  486*)    See  Pendulum. 

Mr.  Graham  used  to  measure  the  minute  alterations,  in 
length,  of  metal  bars,  by  advancing  the  point  of  a  micrometer- 
screw,  till  it  sensibly  stopped  against  the  end  of  the  bar  to  be 
measured.  This  screw,  being  small  and  very  lightly  hung,  was 
capable  of  agreement  within  the  three  or  four-tnousandth  part 
of  an  inch.  On  this  general  principle  Mr.  Smeaton  contrived 
his  pyrometer,  in  which  the  measures  are  determined  by  the 
contact  of  a  piece  of  metal  with  the  point  of  a  miorometeiwscrew. 
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Tbe  feUowing  table  shows  how  much  a  foot  in  length  of  each 
metal  grows  longer  by  an  increase  of  heat,  corresponding  to 
180*^  or  Fahrenheit's  thermometer,  or  to  the  difference  between 
freezing  and  boiling  water,  expressed  in  parts  of  which  the 
unit  is  equal  to  the  1 0,000  part  of  an  inch. 

I  •  White  glass  barometer  tube,  -    ------  100 

2.  Martialregulus  of  antimony,      --.-.-  igo 

3.  Blistered  steel,  --.- ,.  138 

4.  Hard  steel, 14T 

5.  Iron,  ----- 151 

6.  Bismuth, 167 

7.  Copper,  hammered,     ---------  204 

8.  Copper  eight  parts,  with  tin  one,    -----  218 

9.  Cast  brass,    --.-------..  225 

10.  Brass  sixteen  parts,  with  tin  one, 229 

11.  Brass  wire,    --.----*---.  232 

12.  Speculum  metal,      ----------  232 

13.  Spelter  solder,  viz.  brass  two  parts,  zinc  one,      -  247 

14.  Fine  pewter,  ------------  274 

15.  Grain  tin, .-«-.  298 

16.  Soft  solder,  viz.  lead  two,  tin  one,    -----  301 

17.  Zinc  eight  parts,  with  tin  one,  a  little  hammered,  323 

18.  Lead, - 344 

19.  Zinc  or  spelter,  -----..--.-  353 

20.  Zinc  hammered  half  an  inch  per  foot,  .  .    -    -  373 

See^  for  a  more  copious  table,  Mr.  Bailey^s  paper  on  the 
mercurial  pendulum  in  vol.  1 .  Transactions  of  the  Astrono- 
mical Society  of  London. 

M.  de  Luc,  in  consequ^ice  of  a  hint  suggested  to  him  bv  the 
late  Mr.  Ramsden,  invented  a  pyrometer,  the  basis  of  which  is  a 
rectangular  piece  of  deal  board  two  feet  and  a  half  lonip,  15 
inches  oroad,  and  one  inch  and  a  half  thick ;  and  to  this  aU  the 
other  parts  are  fixed.  This  is  mounted  in  the  manner  of  a  table, 
with  four  deal  legs,  each  a  foot  long  and  an  inch  and  a  half  square, 
wellfitted  near  itsfour  ans^es,  and  kept  toother  at  theother  ends 
by  four  firmcrosspieces.  This  small  table  is  suspended  by  a  hook 
to  a  stand ;  the  board  being  in  a  vertical  situation  in  tbe  direc- 
tion of  its  grain,  and  bearing  its  legs  forward  in  such  a  manner 
as  that  the  cross-pieces  which  join  them  may  form  a  frame, 
placed  vertically  racing  the  observer.  This  frame  sustains  a 
microscope,  which  is  &rmly  fixed  in  another  frame,  that  moves 
in  the  former  by  means  of  grooves,  but  with  a  very  considerable 
degreie  of  tightness ;  the  friction  of  which  may  be  increased  by 
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the  pressore  of  foar  screws.  The  inner  dieting  franiey  w^ich 
is  likewise  of  desl,  keeps  the  tube  of  the  nncroscope  in  a  hori- 
zdntal  position,  and  in  great  part  without  the  frame,  insomach 
dlAt  tlieend  wfaichicames  the  lens  is  but  little  within  die  space 
between  the  frame  and  the  board.  This  microscope  us  con- 
structed in  such  a  manner  as  that  the  object  observed  may  be 
an  inch  distant  from  the  lens ;  and  it  has  a  wire  which  is  situated 
in  the  focus  of  the  glasses,  in  which  the  objects  appeared  re- 
versed. At  the  top  of  the  apparatus  there  is  a  piece  of  deal, 
an  inch  and  a  half  thick  and  two  inches  broad,  laid  in  a  hori- 
zontal direction  from  the  board  to  the  top  of  the  frame.  To 
this  piece  the  rods  of  the  different  substances,  whose  expansion 
by  heat  is  to  be  measured,  are  suspended :  one  end  of  it  slides 
into  a  socket,  which  is  cut  in  the  thickness  of  the  board ;  and 
the  other  end,  which  rests  upon  the  frame,  meets  there  with 
a  screw  which  makes  the  piece  noove  backward  and  forward,  to 
bring  the  objects  to  the  focus  of  the  microscope.  There  is  a 
cork  very  strongly  driven  through  a  hole  bored  vertically 
through  this  piece ;  and  in  another  vertical  hole  made  through 
the.  cork,  the  rods  are  fixed  at  the  top ;  so  that  they  h^ng  only, 
and  their  dilatation  is  not  counteracted  by  any  pressure.  In 
order  to  heat  the  rods,  a  cylindrical  bottle  of  thin  glass,  about 
21  inches  high,  ^nd  four  mches  in  diameter,  is  placed  in  the 
inside  of  the  machine,  upon  a  stand  independent  of  the  rest  of 
the  apparatus.  In  this  bottle  the  rods  are  suspended  at  a  little 
less  th^  an  inch  distance  from  one  of  the  insides,  in  order  to 
have  them  near  the  microscope.  Into  it  is  poured  water  of  differ- 
ent decrees  of  heat,  which  must  be  stirred  about,  by  moving 
vpwaras  and  downwards,  at  one  of  the  sides  of  the  bottle,  a 
/  little  piece  of  wood,  fastened  horizontally  at  the  end  of  a  sAckz 
in  this  water  is  hung  a  thermometer,  the  ball  of  which  readies 
to  the  middle  of  the  height  of  the  rods.  During  these  opera- 
tions the  water  rises  to  the  cork,  which  thus  determines  tb^ 
length  of  the  heated  part  ^  'the  botde  is  covered,  toprevent  the 
water  from  coolins^  too  rapidly  at  the  surfiice;  and  a  thin<»ise 
of  brass  prevents  me  vapour  from  fixing  upon  the  piece  of  deal 
jto  which  the  rods  are  mted. 

'The  late  Mr,  Ferguson  also  invented  two  pynnnetera,  de*> 
scripttonsand  figures  of  which  are  ^ven  in  hia  Lectures. 

Mr.  Wedgwood,  the  ingenious  maniifacturer  of  the  finest 
earthenware  from  basaltic  masses,  or  terra  cso^to^  has  contrived  a 
curious  ^pyrometer:  he  employs  small  cubes  of  dry  clay;  because 
that  species  of  earth  has  the  remarkable  property  of  conitioctiing 
in  its  bulk,  wben«ubmitted  to  the  fire,  and  hot  again  expanding 
on  suddenly  exposing  it  to  the  cold  air.  In  order  to  ascertfdn 
the  precise  degree  or  heat  in  an  oven,  he  'puts  <me  of  his  day 


citbesintio  it  ^  and^  after  baving  acquired  the  tcmpenature^ofitlie 
piace^i  he  immediately  pluoges  it  into  cold  water.  Now,' the 
m^  of  the  eabe>  (that  was  exactly  adjusted  to  half  an  inch 
square)  is  measured  between  two  brass  rules,  the  sides  of  which 
are  somev^hat  obliqudy  diqxraed,  so  as  to  form  an  inclining 
groove,  inlfO' which  the  cube  may  be  slidden.  In  prc^rtion  as 
the  bulk  of  the  latter  has  been  ccmtracted  by  heat,  it  passes 
down  deeper  b^ween  the  scales,  on  which  the  various  di^ees 
of  temperature  have  been  previously  marked.  Thus,  when  the 
division  of  the  scale  commences  from  the  point  of  red  heat 
visible  in  dayJight,  and  the  whole  range  is  divided  into  240 
equal  parts,  it  wnl  be  found  that  Swedish  copper  melts  at  ^8y 

§md  at  %2;  iron  at  from  ISO  to  150  degrees:  above  this  point, 
ie  cubes  could  not  be  heated.  But  if  one  of  these  clay  squares 
be  put  into  an  oven  where  other  materials,  such  as  bread, 
earthenware,  &c.  are  to  be  baked,  they  may  be  usefulty  em*- 
ployed,  for  regulating  the  necessary  degree  of  heat. 

M.  Fourmy  has  lately  given,  in  the  Journal  des  Mine^ 
a  piaper  ^'  On  the  Thermometers^  of  baked  Earths,  termed 
Pyrometers;''  in  which  he  shows  that  the  elBPect  of  shrinking, 
upon  which  Wedgwood^s  pyrometer  is  founded,  does  not  result 
solely  and  invariably  from  the  cause  to  which  it  is  ascribed ; 
that  it  is  not  necessarily  proportionate  to  it ;  that  whatever  may 
be  the  graduation  and  the  continuity  of  temperature  applied 
to  an  araminous  mixt,  its  shrinking  is  not  only  not  necessarily 
graduated^  or  necessarily  condnuous^  but  it  also  does  not  always 
necessarily  take  places  And  therdbrethata  pyrometer  founded 
upon  such  shrinking  does  not  afford  so  constant  and  accurate 
a  measure  for  the  highest  degrees  of  heat,  as  the  dilatation  of 
m^ury  or  of  alcohol  does  for  the  lower.  A  translation  of  M. 
Fourmy's  observations  is  inserted  in  the  Repertonry  of  Arts,  &c 
No,  38.  N.  S. 

Mr.  Oumev  has  lately  invented  and  exhibited  in  his  lectures, 
a  pyrometer  for  ascertaining  the  relative  expansibility^  of  the 
various  metals  which  can  be  drawn  into  wire,  of  which  the 
following  account  has  been  published  in  the  Register  t^JrU 
and  Science^. 

I  Th*  wire,  a,  (fig.  4.  pL  XLIV.)  being  attached  at  the  lower 
end  to  a  peg,  is  passed  successively  round  four  or  five  little 
puU^  wheels,  fixed  by  their  axles  upon  a  piece  of  board,  and 
arranged  in  the  manner  shown.  From  the  uppermost  pulW 
the  wire  proceeds  out  of  the  vessel  and  passes  over  a  small 
central  wneel  b  of  the  dial  plate,  and  from  thence  desc^diog, 
a  weight  c  is  appended  to  that  end,  which  preserves  the  wire 
in  a  state  of  tension.  Thus  prepared,  the  apparatus  is  immersed 
lA  %  vessel  of  water  or  other  fluid  heated  to  any  desired  tern- 
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perature,  which  is  ascertained  by  a  thermometer  beioff  sm*- 
pended  therein.  The  expansion  that  theii  takes  place  by  the 
increase  of  heat  is  accurately  denoted  by  the  index  b  on  the 
graduated  scale  of  the  dial^  the  index  being  fixed  to  the  Central 
wheel  moves  round  as  the  wire  elongates.  Upon  abstracting 
the  heat^  the  wire  contracts,  and  draws  back  the  wheel  and 
index  to  its  original  position. 

By  this  exceUent  contrivance  it  is  evident  that  a  table  of  the 
expansibility  of  the  metals,  at  given  temperatures,  may  be 
formed  with  the  utmost  precision,  which  would  become  in- 
formation of  a  most  desirable  nature  in  many  branches  of  the 
arts  but  particularly  in  the  construction  of  time-pieces. 

The  sketch  for  the  engraving  was  made  from  memory,  so 
that  the  central  wheel  oFthe  dial  on  which  tiie  index  is  fixed 
is  drawn  rather  too  large  in  proportion ;  for  indeed  it  must  be 
obvious  that  the  smaller  the  dimensions  of  this  wheel,  and  the 
larger  those  of  the  dial,  the  more  sensible  and  delicate  will  be 
the  indications  of  expansion.  If  the  little  wheel  were  to  be 
one  inch  in  circumference^  and  the  circle  of  the  scale  lOO 
inches,  then  the  elongation  of  wire  to  the  extent  of  a  tenth  of 
an  inch  would  cause  the  index  to  move  over  a  space  of  ten 
inches.  We  understand  that  Mr.  Gurney  constructed  one  on 
these  principles,  that  showed  even  the  variations  in  the  tem« 
perature  of  the  atmosphere  with  very  great  exactness. 

RAMSDEN's  Machine  Jbr  dividing  Mathematical 
Instruments  is  a  useful  invention,  by  which  these  dividons 
can  be  performed  with  exceedingly  great  accuracy,  such  as 
would  formerly  have  been  deemed  incredible.  On  cfiscovering 
the  method  of  constructing  this  machine,  its  inventor,  Mr.  Jesse 
Ramsden,  received  6 152.  from  the  commissioners  of  longitude; 
engaging  himself  to  instruct  a  certain  number  of  persons,  not 
exceeding  ten,  in  the  method  of  making  and  using  this  machine 
from  the  28th  October  i775,  to  28th  October  m7:  also  bind- 
ing himself  to  divide  all  octants  and  sextants  by  the  same 
engine,  at  the  rate  of  three  shillings  for  each  octant,  and  six 
shillings  for  each  brass  sextant,  with  Nonius's  divisions  to  half- 
minutes,  for  as  long  time  as  the  commissioners  should  think 
proper  to  let  thie  engine  remain  in  his  possesision.  Of  this  sum 
of  615/.  paid  to  Mr.  Ramsden,  300/.  were  given  him  as  a 
reward  for  the  improvement  made  by  him  in  discovering  the 
engine,  and  the  remaining  315/.  for  his  ^ving  up  the  properly 
of  it  to  the  commissioners.  The  following  description  of  the 
engine  is  that  given  upon  oath  by  Mr.  Ramsden  himself* 

^^  This  engine  consists  of  a  large  wheel  of  bdl-knetal,  sup- 
ported on  a  mahogany  stand,  having  three  legs,  which  are 
3trongIy  connected  together  by  braces,  so  as  to  make  it^  per- 
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Seedy  steady.  On  each  leg  of  the  stand  is  placed  a  conical 
fricUon-puUey,  whereon  the  dividing  wheel  rests :  to  prevent  this  > 
wheel  from  sliding  o£P  the  friction-pullevs,  the  bell-metal  centre 
under  it  turns  in  a  socket  on  the  top  of  the  stand. 

^^  The  circumference  of  the  wheel  is  ratched  or  cut  (by  a> 
method  which  will  be  described  hereafter)  into  S160  teeth,  in 
which  an  endless  screw  acts.  Six  revolutions  of  the  screw  will 
move  the  wheel  a  space  equal  to  one  degree. 

^  Now  a  circle  of  brass  being  fixed  on  the  screw  artxH*, 
having  its  circumference  divided  ^nto  60  parts,  each  division  will 
consequently  answer  to  a  motion  of  the  wheel  of  10  secondsi  six 
of  them  will  be  equal  to  a  minute^  &c. 

^^  Several  difierent  arbors  of  tempered  steel  are  truly  ground 
into  the  socket  in  the  centre  of  the  wheel.  The  upper  parts  o£ 
the  arbors  that.stand  upon  the  plane  are  turned  of  various  sizes, 
to  suit  the  centres  of  aifferent  pieces  of  work  to  be  divided,  ^ 

<<  When  any  instrument  is  to  be  divided,  the  centre  of  it  is 
very  exactly  fitted  on  one  of  these  arbors ;  and  the  instrument 
is  Bxed  down  to  the  plane  of  the  dividing  wheel,  by  means  of 
screws,  which  fit  into  holes  made  in  the  radii  of  the  wheel  for 
that  purpose. 

^^  The  instrument  being  thus  fitted  on  the  plane  of  the  wheel, 
the  frame  which  carries  the  dividing  point  is  connected  at  oiie 
end  by  finger  screws  with  the  frame  which  carries  the  £nd* 
less  screw ;  while  the  other  end  embraces  that  part  of  the  steel 
arbor  which  stands  above  the  instrument  to  be  divided,  by  an 
angular  notch  in  a  piece  of  hardened  steel :  by  this  means 
both  ends  of  the  frame  are  kept  perfectly  steady,  and  free  from 
any  shake. 

'<  The  frame  carrying  the  dividing-point  or  tracer  is  made  to 
slide  on  the  frame  which  carries  the  endless  screw  to  any  di*'- 
stance  from  the  centre  of  the  wheel  as  the  radius  of  the  instru- 
ment to  be  divided  may  require,  and  may  be  there  fastened  by 
tightening  two  clumjps ;  and  the  dividing-point  or  tracer  being 
connectea  with  the  clumps  by  the  double  jointed  frame,  admits 
a  free  and  easy  motion  towards  or  from  the  centre  for  cutting 
the  divisions,  without  any  lateral  shake. 

<<  From  what  has  been  said,  it  appears  that  an  instrument 
thus  fitted  on  the  dividing-wheel  may  be  moved  to  an^  angle 
by  the  screw  and  divided  circle  on  its  arbor,  and  that  this  angle 
may  be  marked  on  the  limb  of  the  instrument  with  the  sreatest 
exactness  by  the  dividing-point  or  tracer,  which  can  only  move 
in  a  direct  line  tending  to  the  centre,  and  is  altogether  freed, 
firom  those  inconveniences  that  attend  cutting  by  means  of  a 
straight  edge.   Thb  methodM>f  drawing  lines  will  also  prevent 
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any  error  that  might  .arias  fiD<»n  an  expiGtiaaioa  or/cbnlraotSuon 
of  the  metal  during  the  time  of  dividing.  .  ■  ■  ^ 
.  ^^  The  screw  frame  is  fixed  on  the  top. of  a  €onical>  ipJAlar» 
which  turns  freely  round  its  axis,  and  also  rnove^  freely  towards 
or  from  the  centre  of  the  wheel,  so  that  the  screw-frame  may  be 
entirely  guided  by  the  frame  which  connects  it  with  the  centre : 
by  this  means  any  eccentricity  of  the  wheel  and  the  arbor  would 
not  produce  any  error  in  the  dividing;  and  by  a  particoUur 
contrivance  (which  will  be  described  hereafter),  the  screw  when 
pressed  against  the  teeth  of  the  wheel  always  moves  par^lelto 
Itself;  so  that  a  line  joining  the  centre  of  the  arbor  and  the 
tracer  continued  will  always  make  equal  angles  with  the  screw. 

**  Fig.  1.  in  pi.  XXVI.  represents  a  perspective  view  of  the 
en^nc. 

**Fig.  2.  in  pi.  XXVIL  is  apian,  of  which  fig.  3.  represents 
%  section  on  the  line  n  A. 

i  <<  The  large  wheel  a  is  45  inche&  in  diameter,  and  has  ten 
radii,  each  being  supported  by  edge*bars,  as  represented  in  fig. 
3.  These  bars  and  radii  are  connected  by  the  circular  ringfi» 
24  inches  in  diameter  and  S  deep;  and,  iar  greater  strength, 
the  whole  is  cast  in  one  piece  in  oell-metal. 
. '  ^^  As  the  whole  weight  of  the  wheel  a  rests  on  its  ring  B,  the 
edgebars  are  deepest  iraere  they  join  it ;  and  from  thence  their 
depth  diminishes^  both  towards  the  centre  and  circumferenee^aa 
represented  in  fig.  3.  - 

"  The  surface  of  the  wheel  a  was  worked  very  even,  and 
flat,  and  its  circumference  turned  true.  The  ring  c,  of  fine 
brass,  was  fitted  very  exactly  qn.the  circumference  of. the 
wheel;  and  was  fastened  thereon  with  screws,  which  after 
being  screwed  as  tight  as  possible,  were  well  rivebed.  The 
fiice  of  a  large  chuck  being  turned  very  trueand  fiat  inthe  lathe, 
the  flattened  surface  a  (fig.  3.)  of  the  wheel  was  fastened  against 
it  with  holdfasts ;  and  the  two  surfaces  and  circumference  of 
the  ring  c,  a  hole  through  the  centre  and  the  plane  part  round 
[b]  it,  and  the  lower  edge  of  the  ring  b,  were^turned  at  the  same 
time. 

^^  D  is  a  piece  of  hard  belli-metal,  having  the  hole,  which* 
i^ceives  the  steel  arbor  [d],  made  very  straight  and  true.  This 
bell-metal  was  turned  very  true  on  an  arbor;  and  the  fac^' 
which  rests  on  a  wheel  at  [b],  was  turned  very  flat,  so  that 
the  steel  arbor  [d]  might  stand  perpendicular  to  the  plane  of 
the  wheel:  this  bell-metal  was  fastened  to :the  wheel  by  six> 
steel  screws  [1]. 

**  A  brass  socket  z  is  fastened  on  the  centre  of  the  mahogany 
stand,  apd  receives  the  lower  part  of  the  belLmetal  pie^  n? 


beinjg  itaade  to  touch  the  bell^iiMilal  in  a  narrow  pairt  near  the 
i90utfay  to  prevent  axi^  obliquity  olfhe  wheel  from  bending  the 
2urbbr  r  good  fitting. is  by  no ^means  necessary  here;,  since  any 
shake  in  this  socket  will  produce  no  bad  effisct^  as  will  appear 
he^eaft^  when  we  describe  the  ctitlibg-firanie. 

<^  The  wheel  was  then  put  oaits  stabd,  the  lower  edge  of  the: 
rb^  B  (fi^.  I,  2f  and  3.)  resting  on  the  circumference  of  tliree; 
conical  fnction<-puUeys  W5  to  facilitate  its  motion  round  its 
centr^^  The  axis  of  one  of  these  pulleys  is  in  a  line  joining 
the  centre  of  the  wheel,  and  the  middle  of  the  endless  serew, 
aj9d  the  oth^  two  placed  so  as  to  be  at  equal  distances  from; 
^ch  other. 

^^  (Fig.  J.)  is  a  block  of  wood  strc»igly  fastened  to  one  of 
the  1^  of  the  stand;  the  piece  [g]  is  screwed  to  the  upper  side 
of  the  block,  and.  has  half-holes,  m  which  the  transverse  axis 
[h]  (fig.  4.).  turns :  the  half  holes  are  kept  together  by  the 
screws  [i]. 

-  The  lower  extremity  of  the  conical  pillar  p  (fig.  1  and  4.) 
terminates  in  a  cylindrical  steel,  pin  [k],  (fig.  4.)  which  passes 
through  and  turns  in.  the  transverse  axis  [bj,  and  is  confined 
by  a  cheek  andlscreww. 

^^  To  the  upper  end  of  the  cc^ical  piUar  is  fastened  the  frame 
Of  (fig.  4.)  in  which  the  endless  screw  turns :  the  pivots  of  die 
scarew  are  formed  in  the  manner  of  two  :irustums  (^  cones  jokied 
by  a  cylinder^  as  represented  at:K  (fig.  5.).  These  pivots  are 
confined  between  half-poles,  which  presa  only  on  the  conical 
parts^  and  do  not  touch  the  cylindric  parts :  the  half-holes  are^ 
k^t.  together  by  screws  [a],  uhich.  may  be  tight^ied  at  any 
time^  to  prevent  the  screw  from  shaking  in  the  frame. 

'^  On  the  screw>arbor  is  a  small  wheel/ of  brass  k  (fig.  1,  2, 
4^&),'  having  its  outside  edge  divided  into  60  parts,  and  num- 
bered at  every  6t^  division  with  1,  %  &c.  to  10.  The  motion 
of  this  wheel  is^shown  by  the  index  [y]  (fig.  4  and  5.)  on  the 
screw-fnune.6.  .     : 

:  f  ^  H  (fig.l.)  represents  a  part  of  thestand,  having  a  parallel 
slit  in  the  direction  towards  tl;^  centre  of  the  wheel,  large 
enough  to  receive  the  upper  part  of  the  conical  brass  pillar  p, 
which  carries  the  screw  and  its  frame :  and  as  Uie  resistance, 
when  the  wheel  is  moved  by  the  endless-screw,  is  against  the 
side  of  the  slit  h  wfaLehis  towardsxhe  left  hand,  that  side  of  the 
slit  is  faced  with  brass,  and  the  pillar  is  pressed  against  it  by  a 
sted  spring  on  the  opposite  side :  by  this  means  t^e  pillar  is 
stron^y  supported  laterally,  and  yet  the  screw  may  be  easily 
pressed  firom  or  against  the  circumference  of  the  wheel,  and  the 

Eillar  will  turn  freely  on  its  axis  to  take  any  direction  given  it 
y  the  frame  l. 
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^<  At  each  omier  of  the  piece  i  (fi^.  4.)  are  screws  Inl  of 
tempered  steel,  having  polished  conical  points :  two  of  tnem 
tu«n  in  conical  holes  in  the  screw-frame  hear  [o},  and  the  p<»iits 
of  the  other  two  screws  turn  in  the  holes  in  the  piece  q  ;  the 
screws  [p]  are  of  steel,  which  being  tightened,  prevent  the 
conical  pointed  screws  frbm  unturning  when  the  frame  is 
moved. 

<<  L  (fig.  1)  2,  6»)  is  a  brass  frame,  which  serves  to  connect- 
the  endless  screw,  its  frame,  &c.  with  the  centre  of  the  wheel : 
each  arm  of  this  frame  is  terminated  by  a  steel  screw,  that  may 
be  passed  through  any  of  the  holes  [q  j  in  the  piece  q  (fig.  4.), 
as  tne  thickness  of  work  to  be  divided  on  the  wheel  may  require, 
and  ai*e  fastened  by  the  finger-nuts  [r]  (fig.  1  and  2.) 

<<  At  the  other  end  of  this  frame  is  a  fiat  piece  of  tempered 
steel  [b]  (fig.  6.),  wherein  is  an  angular  notch :  when  the  end- 
less-screw is  pressed  against  the  teeth  of  the  circumference  of 
the  wheel,  which  mayl>e  done  by  turning  the  finger*screw  s 
(fig.  1 .  and  2.)  to  press  against  the  spring  [t],  this  notch  em«- 
braces  and  presses  against  the  steel  arbor  [d].  This  end  of 
the  frame  may  be  raised  or  depressed  by  moving  the  prismatic 
slide  [u]  (fig.  2.)  which  may  be  fixed  at  any  neight  by  the 
four  steel  screws  [v]  (fig.  1,  2,  6.) 

*^  The  bottom  of  this  slide  has  a  notch  [k]  (fig.  1.  and  6.), 
whose  plane  is  parallel  to  the  endless-screw ;  and  by  the  point 
of  the  arbor  [d]  (fig.  3.)  resting  in  this  notch,  this  end  of  the 
frame  is  preventea  from  tilting.  The  screw  s  (fig.  1,  2.)  is 
prevented  from  unturning,  by  tightening  the  finger-nut  [w]. 

^<  The  teeth  on  the  circumference  of  the  whed  were  cut  by 
the  following  method : 

<<  Having  considered  what  number  of  teeth  on  the  circum- 
ference woiUd  be  most  convenient,  which  in  this  engine  is  2160» 
or  360  multiplied  by  6,  I  made  two  screws  of  the  same  dimen- 
sions, of  tempered  steel,  in  the  manner  hereafter  described,  the 
interval  between  the  threads  being  such  as  I  knew  by  calculation 
would  come  within  the  limits  of  what  might  be  turned  ofi^  the 
circumference  of  the  wheel :  one  of  these  screws,  which  was  in- 
tended for  ratching  or  cuttihg  the  teeth,  was  notched  across  the 
threads,  so.  that  the  screw,  when  pressed  against  the  edge  of  the 
wheel  and  turned  round,  cut  in  the  manner  of  a  saw.  Then 
having  a  segment  of  a  circle  a  little  greater  than  60  d^^rees,  of 
about  the  same  radius  with  the  wheel,  and  the  circumference 
made  true,  from  a  very  fine  centre,  I  described  an  arch  near  the 
edge,  and  set  ofi^the  chord  of  60  degrees  on  this  arch.  This 
segment  was  put  in  the  place  of  the  wheel,  the  edge  of  it  was 
ratched,  and  the  number  of  revolutions  and  parts  of  the  screw 
contained  between  the  interval  of  the  60  degrees  were  counted. 
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Tbe  radius  was  corrected  in  the  proportion  of  360  revoiutions^^ 
which  ought  to  have  been  ^n  60  degrees,  to  the  number  actually- 
found ;  and  the  radius,;  so  corrected,  was  taken  in  a  pair  of 
beam-compasses :  while  the  wheel  was  on  the  ladie,  one  foot  of 
the  compasses  was  put  in  the  centre,  and  with  the  other  a  cirde^ 
was  described  on  the  ring;  then  half  the  depth  of  the  threads 
of  the  screw  being  taken  in  dividers,  was  set  from  this  circle 
outwards,  and  another  circle  was  described  cutting  this  point ; 
a  hollow  was  then  turned  on  the  edge  of  the  wheel  of  the  same, 
curvature  as  that  of  the  screw  at  the  bottom  of  the  threads :  the 
bottom  of  this  hollow  was'turned  to  the  same  radius  or  distance 
from  the  centre  of  the  wheel,  as  the  outward  of  the  two  circles 
before  mentioned. 

<<  The  wheel  was  now  taken  off  the  lathe;  and  the  bell-metal 
piece  D  (fig.  3.)  was  screwed  on  as  before  directed,  which  after 
this  ought  not  to  be  removed. 

<^  From  a  very  exact  centre  a  circle  was  described  on  the 
ring  c  (fig.  I,  2,  3.)  about  ^  of  an  inch  within  where  the  hot* 
torn  of  the  teeth  would  come.  This  circle  was  divided  with  the 
greatest  exactness  I  was  capable  of,  first  into  five  parts,  and 
each  of  these  into  three.  These  parts  were  then  bisected  four 
times :  (that  is  to  say),  supposing  the  whole  circumference  of 
the  wheel  to  contain  2160  teeth,  this  being  divided  into  five 
parts,  each  would  contain  432  teeth ;  which  being  divided  into 
three  parts,  each  of  them  would  contain  144;  and  this  space 
bisected  four  times  would  give  72, 36, 18,  and  9 :  therefore  each 
of  the  last  divisions  woiud  contain  nine  teeth.  But  as  I  was 
apprehensive  some  error  might  arise  from  quinauesection  and 
trisection,  in  order  to  examine  the  accuracy  of  the  divisions,  I 
described  another  circle  on  the  ring  c  (fig.  7.)  tV  '^^^^  within 
the  former,  and  divided  it  by  continual  bisections,  as  2160, 
1080,  540,  270,  133,  67^,  and  33|:;  and  as  the  fixed  wire  (to 
be  described  presently)  crossed  both  the  circles,  I  could  ex- 
amine their  agreement  at  every  135  revolutions;  v after  ratchinc;, 
could  examine  it  at  every  33|.) :  but,  not  finding  any  sensible 
difference  between  the  two  sets  of  divisions,  I,  for  ratching, 
made  choice  of  the  former ;  and,  as  the  coincidence  of  the 
fixed  wire  with  an  intersection  could  be  more  exactly  deter- 
mined than  with  a  dot  or  division,  I  therefore  made  use  of  in-* 
tersections  in  both  circles  before  described. 

**  The  arms  of  the  frame  l  (fig.  7.)  were  connected  by  a 
thin  piece  of  brass  of  i  of  an  inch  broad,  having  a  bole  in  the 
raiddle  of  ^^  of  an  inch  in  diameter;  across  this  hole  a  silver 
wire  was  fixed  exactly  in  a  line  to  the  centre  of  the  wheel :  the 
coincidence  of  this  wire  with  the  intersections  was  examined 
by  a  lens  /^  inch  focus,  fixed  in  a  tube  which  was  attached  to 
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ofie  c^'tWiirins  h%  Now.  a*  handle  or  winch  bong  fixed  on 
th^  ehd  of  the  screw,  the  division  marked  10  on  the  circle  k 
wds'set  to  its  index,  and,  b]r  means  of  a  clamp  and  adjusting^- 
screw  for  thdt  purpose,  the  intersection  marked  1  on  the<;ireEe 
c  was  set  exactly  to  coincide  with  the  fixed  wire;  the  screw 
was  then  carefully  pressed  against  the  circumference  of  the 
wheel,  by  turning  the  finger-screw  s;  then,  removing  the  clamp, 
I  turned  the  screw  by  its  handle  9  revolutions,  till  Uie  intersec- 
tion marked  240  came  nearly  to  the  wire ;  then,  unturning  the 
finger-screw  s,  I  released  the  screw  from  thewheel,  and  turned 
the  wheel  back  till  the  intersection  marked  Inexactly  cmncided 
with  the  wire ;  and,  by  means  of  the  clamp  before  mentioned, 
the  division  10  on  the  circle  being  set  to  its  index,  the  screw 
was  pressed  against  the  edge  of  the  wheel  by  the  finger-screw  s ; 
the  clamps  were  removed,  and  the  screw  turned  nine  revolu-' 
tions  till,  the  intersection  marked  1  nearly  coincided  with  the 
fixed  wire;  the  screw  was  released  from  the  wheel  by  unturning 
the  finger-screw  s  as  before ;  the  wheel  was  turned  back  till  thfe 
ihtersection  3  coincided  with  the  fixed  wire ;  the  division  10  on 
the  circle  being  set  to  its  index,  the  screw  was  pressed  against 
the  wheel  as  before,  and  the  screw  was  turned  9  revolutions,  till 
the  intersection  2  nearly  coincided  with  the  fixed  wire,  and  the 
screw  was  released;  and  I  proceeded  in  this  manner  till  the 
tieeth  were  marked  round  the  whole  circumference  of  the  wheel. 
This  was  repeated  three  times  round,  to  make  the  impression 
of  the  screw  deeper.  I  then  ratched  the  wheel  round  continu- 
ally in  the  same  direction  without  ever  disengaging  the  screw; 
and  in  ratching  the  wheel  about  600  times  round,  the  teeth 
were  finished. 

'*  Now  it  is  evident,  if  the  circumference  of  the  wheeL  was 
even  one  tooth  or  ten  minutes  greater  than  the  screw  would 
Require,  this  error  would  in  the  first  instance  be  reduced  to 
^|_.  part  of  a  revolution,  or  two  seconds  and  a  half;  and  these 
errors  or  inequalities  of  the  teeth  were  equally  distributed  round 
(he  wheel  at  the  distance  of  nine  teeth  from  each  other.  Now, 
as  the  screw  in  ratching  had  continually  hold  of  several- teeth 
at  the  same  time,  and  these  constantly  changing,  the  above- 
mentioned  inequalities  soon  corrected  themselves,  and  the  teeth 
^ere  reduced  to  a  perfect  equality.  The  piece  of  brass  which 
carries  the  wire  was  now  taken  away,  and  the  cutting-screw  was 
also  removed,  and  a  plain  one  (hereafter  described)  put  in  its 
place :  on  one  end  of  the  screw  is  a  small  brass  circle,  having  its 
edge  divided  into  60  equal  parts,  and  numbered  at  every  sixth 

*  The  in^rscction$  are  marked  for  the  sake  of  illustration,  though  properly  invisiblff 
^hcy  lying  under  the  brass  plate.  -    , 
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!^kifm,  ;a«  befoi^  mentioned^  On  the  other  end  of  tlfe  Iserew 
is  a  mtchet-wheel  c,  tiavipg  ^  teeth,  covered  by  the  hoUdwed 
circle  [d]  (fig.  S.)'  ^bicb  carries  two  dicks  that  catch  upon  the 
op|)Ostte  sides  .of  the  rititebet  when,  the  screw  is* to  bdineyved 
forwards^*  The  cylinder  s  turns  ion  &  ^iioag  tteeV  arlior  p, 
which  passes  through  and  is  firmly  screwed  to  the  p{ec&T*!- this 
pte^  for  greater  fimneas,'  is  ^taobed ;  to  tlie*  serew-ftknUe  g 
(fig.  4»)  by  thebraces  [^}:  a  8|Mnd  ghwve  ov'thrdadis.eut'oa 
the  outside  of  the  cylinder  s,  which  serves  both  for  liciding  tfa^ 
string,  and  abO'givii^  modon  to  theiever  j  on  sts  centre  by 
means  of  a  steel  tooth  [n],  that  woHes  between  the  thread^  of 
the  spiral.  To  the  lever  is  attached  a  strong  steel  pin  [m],  on 
which  a  brass  socket  (r]  turns :  this  socket  passes  through  a  slit 
in  the  piece  [p],  and  may  be  tightened  in  any  part  of  the  slit  by 
the  finger-nut  [f  ] :  this  piece  serves  to  regulate  the  number  of 
revofaitions  of  th6  screw  for -each  tre&c}  oftbe  treadle  s;      ) 

^^  T  (fig.  1 .)  is  a  brass  box  containing  a  spiral  spring;  a  strong 
gut  is  fastened  and  turned  three  or  four  times  round  the  cir- 
GUOiieFeqce  of  this  box ;  t})egut  then  passes  several  times  roand 
the  cylinder  s^  and  from  thence  down  to  the  treadle  a  (fiff.  1«). 
Now,  when  the  tr^dle  is  pressed  down^  the  string  puus  thp 
cylipdpr  s  round  its  axis,  a^dthe*  clicks  c&tchin^  m>ld  of  the 
teeth  on  the  ratchet  carry  the  screw  round  with  it,  til],<by  the 
tdoth  [n]  working  in  the  i^iral  nroove^  the  leyer  y-  (flg^  4i)  is 
brpfight  n^r  the  wheel  {jd,]  and  tb0  ^^linder  stopp^  by  the 
ser^w-bead  [x]  striking  oatlie  top  of  the  lev^r  j ;  atthe^sam^ 
time  the  spring  is  wound  up  by  the  otber.end  of  th<e  gtil^  passing 
liound  ike  bbx  r  (fig*  h).  Now,  when  the  foot  is- tS<ei|  off  the 
treadle,  the  spring  unbending  il^lf  pulls  back  tb^  cylind^,'  tM 
4:lic|pi;  leaving  the  ratchet  atid  screw  at  rest ' till  tne.pieee[t] 
strike*  cm  the  end  of  the  jHepe  [p]  (fig.  l.) :  the  number  c» 
Fevpliitions  of  the  screw  at  each  tread  is  limited  by  the  nuinber 
of  revolutions  the  cylinder  is  allowed  to  turn  back  bdbreth^ 
filop 'strikes  on  the  pi^ce  [p].;  '  .  *     . 

..  i  :*<  When  the  endless-screw  wee  mpved  rou^d  its  f^xis  with  ^ 
considerable  velocity,  it  would  continue  that  motioa  a  little  after 
the  cylitKier  s  (fig.  1  and  4iw}  was  stopped;  t6  prevent  this,  the 
angular  lever  9  was^nade;  that  wben^  the  lever>^  comes  near  (9 
bK^p  the  screw  [x],  it,  by  a  small:  <)hainfers  pi*e$ses  down  th^ 
pieeerx^dibe  angular  lever;  this  brings  the  other  end  r^  of  the 
same  Wer  forwards,  and  stops  the'eMless*$crew  by  the  sle^ 
|nti.(u.  siviking  upon  the  top  ot  it :  the  foot  of  the  lever  is  raised 
again  by  a  small  spring  preiuing  on  the  brace  [v].  : 

<  ^^Ds,  two  clamps,  connected  by  the  pieces,  slide  one  on  each 
«rm  of  the  fr«ne  l  (fig.  1»  S>  6. ),  ana  may  be  fixed  at  plea^ur^ 
by  the  four  finger-screws  «,  which  press  against  steel  springs  to 
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avoid  spoiling  the  arms :  the  piece  [q]  is  made  to  turn  wMiout 
shake  betveen  two  conical  pointed  gtrews  [f  ],  which  are  pre- 
vented from  untuming  by  ti^tening  the  flnger-nuts  N. 

*^  The  piece  m  (fig.  6.)  is  made  to  turn  on  the  piece 
[q],  by  the  Conical  pointed  screws  [s]  resting  in  the  hollow 
centres  [e]. 

^  As  there  is  frequent  occasion  to  cut  divisions  on  inclined 
planes,  for  that  purpose  the  piece  y,  in  whidi  the  tracer  is  fixed, 
nas  a  conical  axis  at  each  end,  which  turn  in  half  holes :  when 
the  tracer  is  set  to  any  inclination,  it  may  be  fixed  there  by 
tightening  the  steel  screws  /3»  . 

^  Description  of  the  Enffi/ne  by  which  the  Undless^screw  tfthe 

DivicS/ng'-engiTie  was  cut, 

<*  Fig.  9*  represents  this  engine  of  its  full  dimensions  seen 
from  one  side. 

^'  Fig.  8.  the  upper  side  of  the  same  as  seen  from  above. 
"  A  represents  a  triangular  bar  of  steel,  to  which  the  trian- 

fular  holes  in  the  pieces  b  and  c  are  accurately  fitted,  and  may 
e  fixed  on  any  part  of  the  bar  by  the  screws  d. 
^<  E  is  a  piece  of  steel  whereon  the  screw  is  intended  to  be 
cut ;  which,  after  being  hardened  and  tempered,  has  its  pivots 
turned  in  the  form  of  two  frustums  of  cones,  as  represented  in 
the  drawings  of  the  dividing-eneine  (fig.  5.).  These  pivots 
were  exactly  fitted  to  the  half-holes  f  and  t,  which  were  kept 
together  by  the  screws  z. 

'^  H  represents  a  screw  of  untempered  steel,  having  a  pivot  t, 
which  turns  in  the  hole  k.  At  the  other  end  of  the  screw  is  a 
hollow  centre,  which  receives  the  hardened  conical  point  of  the 
steel  pin  m.  When  this  point  is  sufficiently  pressed  against  the 
screw,  to  prevent  its  snaking,  the  steel  pin  may  be  fixed  by 
tightening  the  screws  y.  ' 

^'  N  is  a  cylindric  nut,  moveable  on  the  screw  H ;  which,  to 
prevent  any  shake,  mav  be  tightened  by  the  screws  o.  This 
nut  is  connected  with  the  saddle-piece  pdv  means  of  the  inter- 
mediate universal  joint  w,  through  which  tne  arbor  of  the  screw 
H  passes.  A  firont  view  of  this  piece,  with  a  section  across  the 
screw-arbor,  is  represented  at  x.  This  joint  is  connected  with 
the  nut  by  means  of  two  steel  slips  s,  which  turn  on  pins 
between  the  cheeks  t  on  the  nut  n.  The  other  ends  of  these 
slips  8  turn  in  like  manner  on  pins  (a).  One  axis  of  this  joint 
turns  in  a  hole  in  the  cock  (b),  which  is  fixed  to  the  saddle- 
piece  ;  and  the  other  turns  in  a  hole  (d),  made  for  that  purpose 
m  the  same  piece  on  which  the  cock  (b)  is  fixed.     By  this 
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ineansy  when  the  serew  is  turned  roand,  the  saddle-fdeec  will 
slide  uniformly  along  the  triangular  bar  a. 

^^  K  is  a  small  triangular  bar  of  wcli-tempered  steel,  which 
slides  in  a  groove  of  the  same  form  on  the  saddle-piece  r.  The 
point  of  this  bar  or  cutter  is  formed  to  the  shape  of  the  thread 
mtended  to  be  cut  on  the  endless-screw.  When  the  cutter  is 
set  to  take  proper  hold  of  the  intended  screw,  it  may  be  fixed 
by  tightening  tne  screws  (e),  which  press  the  two  pieces  (^  brass 
G  upon  it. 

*^  Having  measured  the  circumference  of  the  dividing-whed, 
I  found  it  would  require  a  screw  about  oiie  thread  in  a  hundred 
coarser  than  the  guide  screw  h.  The  wheels  on  the.  giude- 
screw  arbor  h,  and  that  on  the  steel  e,  on  which  the  screw  was 
to  be  cuty  were  proportioned  to  each  other  to  produce  that 
eflfect,  by  giving  the  wheel  l  198  teeth,  and  the  wheel  a  SOO. 
These  wheels  communicated  with  each  other  by  means  of  the 
intermediate  wheel  r,  which  also  served  to  give  the  threads  an 
the  two  screws  the  same  direction. 

**  The  saddle^iece  p  is  confined  on  the  bar  a  by  means  of 
the  pieces  (g),  and  may  be  made  to  slide  with  a  proper  degree 
of  tightness  by  the  screws  (n).^ 

For  other  excellent  observations  and  directions  relative  to  the 
dividing  of  instruments,  see  Mr.  Smeaton's  paper  containing  an 
account  of  Mr.  Hindley^s  method,  Phil.  Trans,  vol.  Ixxvi.  or 
New  Abridgment,  vol.  xvi*  p.  30 — 56^  and  the  papers  of  Mr. 
Troughton,  Mr.  H.  Cavendish,  and  Professor  Lax,  in  Phil. 
Trams,  for  1809,  abridjged  in  the  Retroq)ect  of  Phil,  and  Mech. 
Discoveries,  No.  23. 

REVERSING  of  motions,  contrivances  for.  We  do  noC 
here  mean  to  speak  of  alternating  or  reciprocating  motions  after 
intervals  of  short  continuance,  those  being  alreaoy  treated  of  in 
the  introductory  part  of  this  volume,  also  under  the  title  Parai*- 
L  EL  motions^  brides  that  thejr  occur  incidentally  in  the  separate 
descriptions  of  several  machmes.  We  shall  now  mention  some 
methoids  of  reversing  motions  after  much  longer  intervals;  as 
in  the  case  of  drawing  up  buckets  from  wells  or  mines,  where 
no  change  of  directicm  may  be  required  for  several  minutes ;  or 
in  di£Perent  kinds  of  mill^work,  where  the  direction  may  not  be 
chai^^ed  for  some  hours. 

Ckmtrivances  to  effect  such  reversion  of  motion  are  very 
numerous;  but  almost  all  of  them  may  be  reduced  to  two 
general  methods:  for  the  required  change  is  generally  produced 
either  by  making  two  equal  pinions  on  one  and  the  same  axis 
take  alternately  into  the  teeth  of  those  parts  of  a  larger  wheel 
which  are  nearly  diametrically  opposite;  or^  by  means  of  an 
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addttiohal  wheel  which  may,  as  the  practical  tnechanica  term 
it,  be  thrown  in  and  out  of  gear  alternately. 

In  many  engines  for  drawing  buckets  out  of  mines  that  are 
nioved  by  horses,  the  motion  is  frequently  reversed  by  turning 
round  the  animal^  and  causing  him  to  retrace  his  st^s  ana 
draw  the  contrary  way :  but  this  is  foiind  very  injurious  to  the 
horse,  a  circumstance  which  has  frequently  led  to  the  adoption 
of  other  methods.  In  Emerson's  Mechanics  a  simple  conr- 
trivance  is  described^  consisting  merely  of  a  horizontal  face- 
wheel  upon  the  same  vertical  shaft  as  the  horsqiole  is  attached 
to>  and  two  equal  pinions  upon  the  san^e  axle  as  carries  the 
dnim  or  barrel  on  which  the  rope  winds.  The  axle  which 
carries  the  drum  and  pinions  is  fixed  horizontally,  a  little  above 
a  diameter  of  the  face- wheel ;  and  first  one  and  then  the  other 
of  the  pinions  is  made  to  be  driven  by  that  wheel;  thus  mani- 
festly reversing  the  motion  as  required.  There  are  two 
loet&xls  of  attaching  these  pinions  to  the  axle,  and  making 
them  to  be  acted  upon  by  the  face-wheel :  in  one  of  them,  the 
pinions  are  fastened  upon  the  axle  at  a  distance  from  each  other 
exceeduig  the  diameter  of  the  face-wheel  only  3  or  4  inchei^ 
then,  the  axle  being  moved  horizontally  through  this  small 
distance  brings  first  one  and  then  the  otha:  pinion  into  contact 
with  the  wheel  at  opposite  extremities  of  a  diameter,  and  thus 
changes  the  direction  of  the  motion ;  but  this  method  is  at- 
tended with  the  disadvantage  of  having  often  to  mdve  a  heavy 
weight  with  the  horizontal  axle,  besides  that  there  is  much 
danger  ctf  breaking  the  teeth  of  the  pinions  and  wbed  nhen 
they  first  come  to  embrace  each  other.  In  the  seccmd  method, 
the  lanterns  or  pinions  both  turn  constandy  with  the  face-wheel, 
iHit  they  play  freely  upon  their  common  axle,  except  they  are 
stopped  by  a  pin  which^^:^  them ;  the  application  of  sacbt  pin 
to  first  the  one  and  then  the  other  of  the  lantenis  prodooes  the 
alternating  motion  as  proposed.  .   t    . 

'  M.  Frony  has.  two  a>iitrivaiices  for  reversing  the  motlcm  in 
horse-whimsy  withoulf  dianging  that  of  the.animal :  in  both  of 
'^diidi,  however,  the  general  principle  is  the  same  as  that 
adonted  by  Mr,  Emerson.  '  In^the  Jfirst  'a  horizontal  wheel, 
U>dtned  at  its  &ce,  lay  just  above  two  vertical  pinions,  fixed  on 
the  opposite  extremities  of  an  axis  of  theloiigtn  of  its  diameter. 
T^iis  wheel  was  so  contrived  as  to  incline  a  little  from  its  liori- 
zontal  position  to  dther  side  at  pleasure;  so  that  on  the  one 
inclination  its  teeth  lodged  with  those  of  ode  pinion,  and 
receded  from  the  other ;  and  on  the  other  position,  its  operation 
on'  the  pinions  was  reversed  :  by  which  tne  axis  of  the  fMiuosss 
turned  round  first  in  one  direction,  and  aftowards  in  the 
contrary. 
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M.  Prony,  findia^  this  method  subject  to  some  inconveni*. 
ences,  contrived  the  following,  which  he  esteems  much  superior, 
to  it.  An  horizontal  wheel,  toothed  at  its  face,  and  attached 
to  a  perpendicular  arbor  (which  gives  it  motion),  turns  two. 
pinions,  moveable  on  the  same  axis,  which  it  meets  ttt  tlie 
opposite  sides  of  its  circumference:  these  pinions  are  not 
attached  to  the  axis,  but  turn  round  freely  upon  it:  the  inter- 
mediate part  of  the  axis  is  square,  and  has  adjoining  to  each 
pinion  boxes  which  slide  back  and  forwards  on  it,  each  of 
which  supports  a  faced  wheel,  with  strong  serrated  teeth ;  the 
serration  being  in  a  different  direction  on  the  opposite  wheels : 
the  boxes  are  connected  by  two  iron  bars,  so  as  to  change  their 
places  by  one  movement ;  to  the  pinions  there  are  also  serrated 
faced  wheels  attached,  so  as  to  lock  on  those  opposite  to  them 
on  the  slidii^  boxes.  From  this  construction  it  follows,  that 
when  the  boxes  are  slidden  to  one  extremity  of  the  axis,  the 
pinion  at  that  side  will  be  connected  with  the  axle,  and  com- 
municate its  motion  to  it  in  one  direction;  and  when  the  boxes 
are  moved  to  the  other  extremity,  then  the  first  pinion  will  be 
disengaged,  and  the  second  be  locked  to  theaxle^  and  cause  it 
to  turn  round  in  a  direction  the  reverse  of  that  in  which  it 
moved  before.  There  is  a  lever  on  another  axle^  whose  oifice 
is  to  move  the  before-mentioned  boxes  backwards  and  forwards: 
an  arm  projects  from  the  axis,  which  moves  between  two  pieces, 
proceedmgfrom  the  frame  connected  with  the  boxes :  the  lever 
rises  upwards,  and  has  a  weight  at  its  top,  by  which  it  presses 
strongly  in  either  direction,  when  it  passes  the  perpendicular 

Position ;  forming  thus  the  contrivance  vulgarly  called  a  tum- 
ling-bob,  which  is  used  in  various  engines  for  a  simular  pur- 
pose. Upon  the  same  axle  on  which  the  pinions  move  is 
fastened  a  drum-wheel,  round  which  passes  the  chain  or  cord  to 
which  the  buckets  are  attached ;  another  chain  or  cord  is  placed 
below  the  buckets,  from  the  bottom  of  one  to  that  of  the  other, 
to  form  an  equilibrium  between  the  whole  of  the  appendage  of 
one  bucket  and  that  of  the  other  in  all  positions.  A  bar  is  so 
placed,  that,  on  one  of  the  buckets  rising  to  a  ceitain  height,  it 
catches  the  bar,  forces  it  upwards,  and  thereby  throws  over  the 
tumbling-bob  connected  with  its  other  extremity  :  this  reverses 
the  movement  of  the  buckets ;  and,  on  the  other  bucket  rising, 
it  operates  in  the  same  way  on  another  lever,  which  throws 
the  bob  to  the  other  side,  and  causes  the  first  bucket  to  rise 

M.  Prony  has  annexed  a  contrivance  to  this  engine  by  which 
the  horse  that  puts  it  in  motion  is  disengaged  when  any 
accident  happens,  which  would  tend  to  stop  the  movement  of 
the  wheels :  for  this  purpose  the  traces  pass  under  two  pulleys  in 

VOL.  II.  A  A 
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the  etidfe  of  the  yoke ;  and  their  extremhies,  which  have  loops 
wrought  in  them,  are  akernately  attached  to  two  pins  in  a' 
roller,  round  which  a  cord  is  wound  two  or  three  turns,  and 
passes  from  thence  through  rings  in  the  lever,-  which  causes  the 
arbor  to  revolve,  and  over  a  pulley  on  the  arbor  to  a  weight 
w  hich  bangs  beside  it.  When  the  draught  exceeds  this  weight, 
it  is  evident  the  roller  will  be  drawn  round  by  the  traces,  and- 
that  they  will  slip  off  the  pins,  and  be  disengaged  during  the 
first  revolution. 

The  method  of  reversing  motion  by  causing  pinjons  to  be 
operated  upon  by  the  opposite  parts  of  a  face-wheel  has  been 
long  known  and  practised  by  millwrights;  and  they  have 
various  contrivances  for  performing  the  alternation,  as  bv 
levers,  screws,  tumbling-bobs,  &c.  One  of  these  will  be  il- 
lustrated by  a  figure,  when  we  come  to  the  article  TiDK-mUL 
And  for  several  methods  of  reversing  motions,  see  pi. 
XXXVIIL  and  XXXIX. 

As  to  the  second  general  method,  it  has  perhaps  an  ap- 
pearance of  greater  simplicity ;  though,  when  reduced  to  prac-* 
tice,  it  IS  commonly  found  more  expensive  than  the  former. 
Suppose  that  while  the  hoi-izontal  wheel  a  (fig.  2.  pi.  XX  VIII.) 
contmues  to  turn  always  one  way,  it  is  required  to  have  the 
horizontal  wheel  B  turn,  sometimes  in  one  direction,  and  some- 
times in  another :  by  means  of  an  additional  wheel  c,  equal  in 
diameter  and  number  of  teeth  (supposing  the  velocities  in  both 
directions  to  be  equal),  this  may  be  accomplished,  thus :  Let 
the  two  wheels  B  and  c  have  the  lower  pivots  of  their  axles 
resting  in  boxes  or  cases  that  may  be  moved  up  and  down  by 
means  of  screws ;  and,  while  the  wheels  a  and  b  are  nearly  of 
equal  thickness,  let  the  wheel  c  be  somewhat  more  than  doable 
the  thickness  of  either :  when  the  motion  of  the  wheel  b  is  to 
be  in  a  contrary  direction  to  that  of  a,  let  the  wheel  c  be 
lowered  so  much  that  its  teeth  play  neither  into  those  of  a  nor 
B,  while  the  teeth  of  a  take  into  those  of  b  and  drive  it  round : 
when,  on  the  contrary,  b  is  to  be  moved  in  the  same  direction 
as  A,  let  the  wheel  b  be  lowered  till  its  teeth  do  not  come  into 
contact  with  those  of  a,  and  let  c  be  raised  until  the  upper 

Earts  of  its  teeth  take  between  those  of  the  wheel  ii,  while  the 
>wer  parts  of  other  teeth  play  into  the  teeth  b  ;  so  shall  the 
rotation  of  b  have  the  directi\>n  required.  If  the  motion  of  the 
wheel  a  were  sometimes  in  one  direction  and  sometimes  in 
another,  the  motion  of  b  might  all  along  be  preserved  in  one 
direction,  by  the  occasional  application  of  c  as  an  intermediate 
whed. 

Regulator  qf  descending  motions*  See  Hardie's  Crane, 
page  173,  and  Hen-riofs  Engine^  page  246. 
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ROTATORY  motion,  when  produced  by  ^  reciprocating 
motion,  requires  some  contrivance  to  render  it  uniform,  or 
nearly  so,  Tiie  usual  method  of  equalizing  is  by  attaching  a 
fly-wheel  to  some  part  of  the  machinery :  but  Mr.  Arthur 
Woolf  has  invented  an  apparatus  to  be  substituted  for  the  fly 
in  steam  engines,  which  possesses  the  advantage  of  equalizing 
the  motion,  with  the  property  of  being  stopped  and  set  to  work 
at  any  part  of  the  stroke. 

Plate  XXIIL  fig.  4.  a  represents  part  of  the  engine-beam; 
B  the  connecting-rod ;  c  the  crank- arm  ;  n  a  cog-wheei,  work- 
ing Into  another  cog-wheel  £,  of  half  the  size ;  f  a  crank-arm 
on  the  shaft  of  the  small  wheel ;  g  a  cylinder  closed  at  bottom, 
in  which  a  solid  or  unperforated  piston  moves, leaving  a  vacuum 
beneath.  This  acts  simply  instead  of  weight  on  the  crank  f, 
by  the  constant  pressure  of  the  atmosphere ;  and  the  diameter 
of  the  piston  must  be  such  as  nearly  to  equal  one-third  of  \he 
power  of  the  engine. 

In  fig.  5.  the  outer  circle  is  the  line  described  by  the  crank ; 
the  circumference  of  the  inner  circle  is  equal  to  twice  th^ 
diameter  of  the  outer,  and  the  square  has  the  same  circumfeiv 
ence :  this  last  exhibits  the  inequality  still  remaining,  which  by 
this  method  is  red  need  to  about  one-fifth ;  but  by  the  assistance 
of  a  small  fly  on  the  second  motion,  the  effect  will  become 
nearly  the  same  as  that  of  a  rotative  engine  with  the  advantages 
here  mentioned. 

The  same  motion  may  be  applied  to  a  pump,  but  in  this  case 
the  two  cranks  must  be  horizontal  at  tne  same  time^  {Nich^ 
Jour.  No.'2*^.  N.S.) 

SAWMI LLS,  constructed  for  the  purpose  of  sawing  either 
timber  or  stone,  are  moved  by  animals,  by  water,  by  wind,  or 
by  steam.  They  may  be  distinguished  into  two  kinds :  those 
in  which  the  motion  of  the  saws  is  reciprocating,  and  those  i|i 
which  the  saws  have  a  rotatory  motion.  In  either  case  the 
researches  of  theorists  have  not  yet  turned  to  any  account :  in- 
stead, therefore,  of  ^ving  any  uncertain  theory  here,  we  sha0 
proceed  to  the  descriptive  part^  and  refer  those  who  wish  to  see 
&ome  curious  investigations  on  this  subject  to  a  Memoir  on  the 
Action  of  Saws,  hff  Euler,  in  Mem.  Acad.  Roy.  Berlin,  1756. 

Reciprocating  sawmills  for  cutting  timber  and  moved  by 
water,  do  not  exhibit  much  variety  in  their  construction.  The 
eawmill  represented  in  pi.  XXVIII.  is  taken  from  Gray's  Ex^ 
perienced  Millwright ;  but  it  only  differs  in  a  few  trifling  p^rr 
ticiilars  from  some  which  are  described  in  Belidor's  Architecr 
Cure  Hydraulique,  and  in  Gallon's  Collection  of  Machines  apr 
proved  by  the  French  Academy. 

1.  The  plate  just  referred  to  *hows  the  demlim  of  iJbefnill, 

AA« 
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AA  the  stiaFt  or  axle,  upon  which  is  fixed  the  wheel  bb  (of 

174:  or  18  feet  diameter),  containing  40  buckets  to  receive  the 

water  which  impels  it  round,    cc  a  wheel  fixed  upon  the  sanie 

shaft  containing  96  teeth,  to  drive  the  pinion  No.  %  having  22 

teeth,  which  is  fistened  upon  an  iron  axle  or  spindle,  having 

a  coupling  box  on  each  end  that  turns  the  cranks,  as  dd, 

round :  one  end  of  the  pole  e  is  put  on  the  crank,  and  its  other 

end  moves  on  a  joint  or  iron  bolt  at  f,  in  the  lower  end  of  the 

frame  gg.     The  crank  dd  being  turned  round  in  the  pole  e, 

moves  the  frames  gg  up  and  down,  and  these  having  saws  in 

them,  by  this  motion  cut  the  wood.     The  pinion,  No.  2.  may 

work  two,  three,  or  more  cranks,  and  thus  move  as  many 

frames  of  saws.     No.  3,  an  iron  wheel  having  angular  teeth, 

which  one  end  of  the  iron  k  takes  hold  of,  while  its  other  end 

rolls  on  a  bolt  in  the  lever  hh.     One  end  of  this  lever  moves 

on  ^  bolt  at  i,  the  other  end  may  lie  in  a  notch  in  the  frame 

GG  so  as. to  be  pushed  up  and  down  by  it.     Thus  the  catch 

K  pulls  the  wheel  round,  while  the  catch  l  falls  into  the  teeth 

and  prevents  it  from  going  backwards.  (See  Universal  lever.) 

Upon  the  axle  of  No.  3.  is  also  fixed  the  pinion  No.  4.  taking 

into  the  teeth  in  the  under  edge  of  the  iron  bar,  that  is 

fastened  upon  the  frame  tt,  on  which  the  wood  to  be  cut  is 

laid :  by  this  mean  the  frame  tt  is  moved-  on  its  rollers  ss, 

-along  the  fixed  frame  uu;  and  of  course  the  wood  fastened 

upon  it  is  brought  forward  to  the  saws  as  they  are  moved  up 

and  down  bj^  reason  of  the  turaing  round  of  the  crank  dd. 

yv,  the  machine  and  handle  to  raise  the  sluice  when  the  water 

is  to  be  let  upon  the  wheel  bb  to  give  it  motion.     By  pulling 

the  rope  at  the  longer  arm  of  the  lever  m,  the  pinion  No.  2.  is 

put  into  the  hold  or  grip  of  the  wheel  cc,  \^hich  drives  it; 

and  by  pulling  the  rope  r,  this  pinion  is  cleared  from  the  wheel 

No.  5.  a  pinion  containing  24  teeth,  driven  by  the  wheel  cc, 

and  having  upon  its  axle  a  sheave,  on  which  is  the  rope  pp, 

passing  to  the  sheave  No.  6.  to  turn  it  round;  and  upon  its 

axle  is  fixed  the  pinion  No.  7.  acting  on  the  teeth  in  an  iron 

*ar  upon  the  frame  tt,  to  roll  that  frame  backwards  when 

-empty.     By  pulling  the  rope  at  the  longer  arm  of  the  lever  n, 

the  pinion  No.  5.  is  put  into  the  hold  of  the  wheel  cc ;  and  by 

pulhng  the  rope  o  it  is  taken  off  the  hold.      No.  8.  a  wheel 

fixed  upon  the  axle  No.  9.  having  upon  its  periphery  angular 

teeth,  into  which  the  catch  No.  10.  takes;  and  being  moved  by 

tbe  lever  attached  to  the  upper  part  of  the  frame  g,  it  pushes 

the  wheel  No.  8.  round;  and  the  catch  No.  11.  falls  iqto  the 

t^th  of  the  wheel,  to  prevent  it  from  going  backwards  while 

the  rwe  rolls  in  its  axle,  and  drags  the  logs  or  pieces  of  wood 

m  at  die  door  y,  to  be  laid  upon  the  moveable  frames  TT,and 
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carried  forward  to  the  saws  to  be  cut.  The  catches  No.  10.  U . 
are  easily  thrown  out  of  play  when  they  are  not  wanted.  .The 
gudgeons  in  the  shafts,  rounds  of  the  cranks,  spindles^  and  pi- 
vots, should  all  turn  round  in  cods  or  bushes  of  orass.  z,  a  door 
in  one  end  of  the  mill-house  at  which  the  wood  is  conveyed 
out  when  cut.  ww,  walls  of  the  mili-house.  qq,  the  couples 
t>r  framing  of  the  roof,  xxx,  Sac.  windows  to  admit  light  to 
the  house. 

A  plan  of  this  mill  is  given  in  pi,  43^  of  Mr.  Gray's  book» 
.  2.  Sawmills  for  cutting  blocks  of  stone  are  generally,  though 
not  always,  moved  horizontally  :  the  horizontal  alternate  mo- 
tion may  be  communicated  to  one  or  more  saws,  by  means  of 
a  rotatory  motion,  either  by  the  use  of  cranks,  &c.  or  in  some 
such  way  as  the  following.  Let  the  horizontal  wheel  abdc 
(fig.  3.  pi.  XX.)  drive  the  pinion  opis,  this  latter  carrying  a 
vertical  pin  p,  at  the  distance  of  about  f  of  the  diameter  from 
the  centre.  This  pinion  and  pin  are  represented  separately 
in  No.  2.  of  fig.  3.  Let  the  frame  wstv,  carrying  four  saws, 
marked  I,  3,  3^  4,  have  wheels  v,  t,  w,  w,  each  running  in  a 
groove  or  rut,  whose  direction  is  parallel  to  the  proposed  dir 
rection  of  the  saws :  and  let  a  transverse  groove  pr,  whose 
length  is  double  the  distance  of  the  pin  p  irom  the  centre  of 
the  pinion,  be  cut  in  the  saw  frame  to  receive  that  pin.  Then, 
as  the  great  wheel  revolves,  it  drives  the  pinion,  and  carries 
round  the  pin  p :  and  this  pin,  being  compelled  to  slide  in 
the  straight  groove  pr,  while  by  the  rotation  of  the  pinion  on 
which  it  is  fixed  its  distance  from  the  great  wheel  is  constantly 
varying,  it  causes  the  whole  saw  frame  to  approach  to  and 
recede  from  the  great  wheel  alternately,  while  the  grooves  in 
which  the  wheels  run  confine  the  frame  so  as  to  move  in  the 
direction  Tt,  vv.  Other  blocks  of  stone  may  be  sawn  at  the 
same  time  by  the  motion  of  the  great  wheel,  if  other  pinions 
and  frames  running  off  in  the  directions  of  the  respective  radii 
£B,  EA,  EC,  be  worked  by  the  teeth  at  the  quadrantal  points 
^,  A,  and  c.  And  the  contrary  efforts  of  these  four  frames 
0nd  pinions  will  tend  to  soften  down  the  jolts,  and  equalize 
the  whole  motion. 

The  same  contrivance,  of  a  pin  fixed  at  a  suitable  distance 
from  the  centre  of  a  wheel,  and  sliding  in  a  groove,  may  serve 
to  convert  a  reciprocating  into  a  rotatory  motion ;  but  it  will 
not  be  preferable  to  the  common  conversion  by  means  of  a 
crank. 

3.  When  saws  are  used  to  cut  blocks  of  stone  into  pieces 
having  cylindrical  surfaces,  a  small  addition  is  made  to  the  ap- 
paratus. See  figs.  8. 9.  pi  XX.  The  saw,  instead  of  being 
allowed  to  fall  in  a  vertical  groove  as  it  cuts  the  .block,  is  at- 
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tached  to  a  lever  or  beam  fg,  sufficiently  strong ;  this  lever  has 
several  holes  pierced  through  it,  and  so  has  tne  vertical  piece 
ED^  which  is  likewise  moveable  towards  either  side  of  the  frame 
id  grooves  in  the  top  and  bottom  pieces  al,  dm.  Thus,  the 
length  KG  of  the  radius  can  be  varied  at  pleasure,  to  suit  the 
curvature  of  no  ;  and  as  the  saw  is  moved  t»  rtnd  fro  by  proper 
i^achineiy,  in  the  direction  cb,  Be,  it  works  lower  and  lower 
into  the  block,  while,  being  confined  by  the  beam  fg,  it  cuts 
the  cylindrical  portion  from  the  block  p,  as  required. 

When  a  completely  cylindrical  pillar  is  to  be  Cut  out  of  one 
block  of  stone,  the  first  thing  will  be  to  ascertain  in  the  block 
the  position  of  the  axis  of  the  cylinder :  thetf  lay  the  block  so 
that  sueh  axis  shall  be  parallel  to  the  horizon,  and  let  a  cylin- 
drical hole  of  from  one  to  two  inches  diameter  be  bored 
entirely  through  it.  Let  an  iron  bar,  whose  diameter  is  rather 
less  than  that  of  this  tube,  be  put  through  it,  having  just  room 
to  slide  freely  to  and  fro,  as  occasion  may  require.  Each  end 
of  this  bar  should  terminate  in  a  screw,  on  which  a  nut  and 
frame  may  be  fastened :  the  nut  frame  should  carry  three  flat 
pieces  of  wood  or  iron,  each  having  a  slit  running  along  its 
middle  nearly  from  one  end  to  the  other,  and  a  screw  and  han- 
dle must  be  adapted  to  each  slit :  by  these  means  the  frame- work 
at  each  end  of  the  bar  may  readdy  be  so  adjusted  as  to  form 
equal  isosceles  or  eouilateral  triangles ;  the  iron  bar  will  con- 
nect two  corresponaing  angles  of  these  triangles,  the  saw  to  be 
used  two  other  corresponding  angles,  and  another  bar  of  iron  or 
of  wood  the  two  remaining  angles,  to  give  sufficient  strength 
to  the  whole  frame.  ^Hiis  cionstruction,  it  is  obvious,  will  enable 
the  workmen  to  place  the  saw  at  any  proposed  distance  from 
the  hole  drilled  through  the  middle  of  the  block ;  and  then,  by 
giving  the  alternating  motion  to  the  saw  frame,  the  cylinder 
tnay  at  length  he  cut  from  the  block,  as  required.  This  me- 
thod was  first  pointed  out  in  the  Collection  of  Machines  ap- 
proved by  the  Paris  Academy. 

If  it  were  proposed  to  saw  a  conic  frustum  from  such  a 
block,  then  let  two  frames  of  wood  or  ri*on  be  fixed  to  those 
parallel  ends  of  the  block  which  are  intended  to  coincide  with 
the  bases  of  the  frustum,  circular  grooves  being  previously  cut 
in  these  frames  to  correspond  with  the  circumferences  of  the 
two  ends  of  the  proposed  frustum ;  the  saw  being  worked  in 
these  grooves  will  manifestly  cut  the  conic  surface  from  theblock. 
This,  we  believe,  is  the  contrivance  of  Sir  George  Wright. 

The  best  method  of  drilling  the  hole  through  the  middle  of 
the  proposed  cylinder  seems  to  be  this :  on  a  carriage  running 
upon  four  low  wheels  let  two  vertical  pieces  (each  having  a 
hole  just  large  enough  to  admit  the  borer  to  play  freely)  be 


Axed  two  or  three  feet  asuader,  and  so  contrived  that  the  pbces 
and  boles  to  receive  the  borer  may,  by  screws,  &c.  be  raised  cnr 
lowered  at  pleasure,  white  the  borer  is  prevented  from  sliding 
to  and  fro  by  shoulders  upon  its  bar,  which  are  larger  than  the 
holes  in  the  vertical  pieces,  and  which,  as  the  borer  revolves, 
press  against  those  pieces :  let  a  part  of  the  boting  bar  between 
the  two  vertical  pieces  be  square,  and  a  grooved  wheel  with  a 
square  liole  of  a  suitable  size  be  placed  upon  this  part  of  the 
bar ;  then  the  rotatory  motion  may  be  given  to  the  bar  by  an 
endless  band  which  snail  pass  over  this  grooved  wheel  and  a 
wheel  of  a  much  larger  diameter  in  the  same  plane,  the  latter 
wheel  being  turned  oy  a  winch  handle  in  the  usual  way.  As  the 
boring  proceeds,  the  carriage  with  the  borer  may  be  brought 
nearer  and  nearer  the  block,  by  levers  and  weights,  in  the  same 
manner  as  is  described  under  the  article  boring  qfofsmink^QE. 

4.  Circular  saws,  acting  not  by  a  reciprocating,  but  by  a 
rotatory  motion,  have  been  long  known  in  Holland,  where  tney 
are  used  for  cutting  wood  wanted  in  veneering.  They  were  in- 
troduced into  this  country,  we  believe,  by  General  Bentham, 
and  are  now  used  in  the  dock-yard  at  Portsmouth,  the  Royal 
Arsenal,  Woolwidi,  and  in  a  few  other  places:  but  they  are  not^ 
as  yet,  so  £[enerally  adopted  as  might  be  wished,  considering 
bow  well  they  are  calculated  to  abridge  labour,  and  to  accpm- 
pliah  with  expedition  and  accuracy  what  is  very  tedious  and 
irksome  to  perform  in  the  usual  way.  Circular  saws  may  be 
made  to  turn  either  in  horizontal,  verdcdi,  or  inclined  planes ; 
and  the  timber  to  be  cut  maybe  laid  upon  <a  plane  inclined  in  any 
direction;  so  that  it  may  be  sawn  by  lines  making  any  ai^le 
whatever,  or  at  any  proposed  distance  from  each  oUier.  When 
tbe  saw  is  fixed  at  a  certain  angle,  and  at  a  certain  distance 
from  the  edge  of  the  frame,  all  the  t>teces  will  be  cul  of  the 
same  size,  without  marku)g  upon  them  by  a  chalked  line, 
merely  by  causing  them  to  be  moved  along  and  keeping  one 
side  in  contact  with  the  side  of  the  frame ;  for  tlien,  as  tbey  are 
brought  one  by  one  to  touch  the  saw  revolving  on  its  axle,  and 
are  pressed  upon  it,  tfaey  are  soon  cut  through. 

Mr.  Smart,  of  Ordnance  Wbar^  Westmmster-bridge,  has 
several  circular  saws,  all  wocked  by  a  horse  in  a  moderate  si2ed 
walk ;  one  of  these,  intended  for  cutting  and  boring  tenons  used 
in  this  gentieman'^s  hollow  masts,  is  represented  in  fig.  S.  pi* 
XX  VL  ifOPaR  is  a  hollow  frame,  undsr  which  is  part  of  the 
vhoel^work  of  the  borseHnill. — a,  b,  d,  g,  £,  f,  are  pulle^s^ 
aver  which  pass  straps  <or  endless  bands,  the  parts  of  whicb 
out  of  sight  run  unon  the  rim  of  a  lai^  vertkal  wheel :  by 
means  ofthis  simple  apparatus,  the  saws  s,  s',  are  made  to  re«- 
volve  upon  their  axles  with  an  equal  velocitjTi  the  same  band 
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passing  round  the  pulleys  n,  g,  upon  those  axles ;  and  the  ro- 
tatory motion  is  given  to  the  borer  g  by  the  band  passinj^  over 
the  pulley  a.  The  board  i  is  inclined  to  the  horizon  in  an 
angle  of  about  30  degrees  ;  the  plane  of  the  saw  s'  is  parallel  to 
that  of  the  board  i,  and  about  i  of  an  inch  distant  from  it,  while 
the  plane  of  the  saw  s  is  vertical,  and  its  lowest  point  at  the  ^r 
same  distance  from  the  board  i.  Each  piece  of  wood  k  out  of 
which  the  tenon  is  to  be  cut  is  4  inches  long,  an  inch  and  a 
quarter  broad,  and  f  of  an  inch  thick.  One  end  of  such  piece 
is  laid  so  as  to  slide  along  the  ledge  at  the  lower  part  of  the 
board  1 ;  and  as  it  is  pushed  on,  by  means  of  the  handle  h,  it  is 
first  cut  by  the  saw  s',  and  immediately  after  by  the  saw  s : 
^fter  this  the  other  end  is  put  lowest,  and  the  piece  is  again  cot 
by  botlr  saws :  then  the  tenon  is  applied  to  the  borer  6,  and 
as  soon  as  a  hole  is  pierced  through  it,  it  is  dropped  into  the 
box  beneath.  By  this  process,  at  least  30  tenons  may  be  con- 
pleted  in  a  minute,  with  greater  accuracy  than  a  man  could 
make  one  in  a  quarter  of  an  hour,  with  a  common  hand-saw  and 
gimbiet.  The  like  kind  of  contrivance  may,  by  slight  alter- 
ations, be  fitted  for  many  other  puiposes,  particularly  all  such 
as  may  require  the  speedy  sawing  of  a  great  number  of  pieces 
into  exactly  the  same  size  and  shape.  A  very  great  advan* 
tage  attending  this  sort  of  machinery  is,  that,  when  once  the 
position  of  the  saws  and  frame  is  adjusted,  a  common  labourer 
may  perform  the  business  just  as  well  as  the  best  workman. 

Mr.  Brunei,  a  well-known  civil  engineer,  took  out  a  patent 
for  saw-machinery,  in  May^  1805.  The  following  is  an 
abridgement  of  his  specification.  The  saws  are  circular,  and 
turn  upon  an  axis  passing  through  their  centre.  When  they 
are  too  large  to  be  made  with  sufficient  strength  of  only  one 
piece  of  steel,  they  may  be  constituted  of  two,  four,  eight,  &c. 
pieces,  and  the  joining  edge  of  one  plate  must  be  hollow,  to  re- 
ceive the  sharp  edge  of  that  which  is  to  be  fitted  into  it.  To 
augment  the  strength  of  the  plates,  flanches  may  be  closely 
fitted  to  them,  several  pieces  of  leather  or  of  paper  being  inter- 
posed, by  means  of  which  and  screws  duly  applied,  the  whole 
may  be  made  very  firm  and  strong. 

The  improvements  in  the  machinery  for  sawing  timber  easily 
and  expeditiously  consist  in  the  modles  of  lajring  and  holding 
the  piece  of  wood  in  the  carriage  or  drag,  in  the  fiicility  m 
shifting  the  saw  from  one  cut  to  another,  and  in  the  practica- 
bility of  sawing  both  ways  either  towards  or  from  the  saw  or 
saws. 

Each  circular  saw  is  adjusted  upon  a  cylindrical  spindle, 
which  turns  within  rodings  ;  the  motion  bemg  communicated    . 
l>y  means  of  a  strap  or  band  turning  about  a  proper  drum- 


whedy  and  moyed  by  any  of  the  usual  actuating  powers^  as 
'Wind,  water,  steamy  animals,  &c.  The  piiE>ce  of  timber  being 
placed  upon  a  drag  or  carriage,  is  held  fast  by  means  of  clamps ; 
and  the  carriage  is  moved  towards  and  from  the  saw  by  a 
handle  or  crank  communicating,  by  the  assistance  of  cog 
wheels,  to  a  pinion  which  engages  in  a  horizontal  rack  run*- 
ning  under  the  frame  of  the  carriage.  This  carriage  is  fur- 
nished with  rollers  serving  to  ease  its  longitudinal  motion,  and 
is  intended  to  be  moved  by  hand,  so  that  its  velocity  may  be 
varied  at  pleasure :  the  length  of  this  carriage  must  obviously 
be  proportionate  to  the  size  of  the  timber  generally  cut  by  the 
saw. 

After  the  saw  has  performed  one  cut,  instead  of  moving  the 
timber,  the  saw  itself  is  moved  sidewise,  that  is,  in  the  direction 
of  its  axle,  by  means  of  screws,  after  a  method  which  may  be 
easily  conceived,  till  it  is  brought  to  the  proper  position  for  the 
next  cut;  when  an  adjusting  or  fixing  screw  prevents  any  lateral 
motion,  and  the  rotary  motion  of  the  saw,  and  the  rectilinear 
motion  of  the  wood,  may  be  resumed. 

Circular  wedges  are  used,  being  intended  to  revolve  by  the 
motion  of  the  log  to  follow  the  cut  opened  by  the  saw,  and  by 
that  means  to  ease  the  friction,  and  steady  the  piece  of  timber. 
Sometimes  an  instrument  composed  of  several  parallel  plates  of 
metal  may  be  employed  instead  of  the  circular  wedges. 

When  several  saws  are  adjusted  on  one  spindle,  a  piece  of 
timber  may  be  converted  into  planks  by  being  drawn  once 
through  under  the  saws.  In  that  case  theflanches  of  the  saws 
are  fixed  upon  an  iron  drum,  and  kept  firmly  in  their  relative 
parallel  positions  by  four  bolts.  In  order  to  lower  the  saws  as 
they  wear  away,  the  side  rails  sustaining  their  axles  may  be 
depressed  by  means  of  wedges.  The  log  of  wood  is  not  to  lie 
dose  upon  the  carriage  or  drag,  but  upon  some  transverse 
pieces,  which  may  be  moved  if  requisite  when  they  come  near 
the  saw. 

Some  venr  complete  and  extensive  saw-mills  have  been 
erected  by  Mr.  Brunei,  in  the  Carrii^  Department  of  the 
Royal  Arsenal,  Wool  widi,  under  the  superintendence  of  Major 
Generals  Cuj^)age  and  Miller. 

.  Among  the  numerous  purposes  for  which  saws  are  employ- 
ed, is  that  of  cutting  off  the  tops  of  piles.  When  these  are 
below  water,  some  aaditional  mechanism  is  necessary  to  cause 
the  saws  to  work  in  a  horizontal  plane  at  a  suitable  depth. 
Different  contrivances  for  this  purpose,  with  illustrative  en- 
gravingSy  are  described  by  M.  Hachette,  TraiU  des  Machinery 
p.  252—275. 

SCAPEMENT,from  the  French  word  echappementya^texm 
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wed  Bmotig  clock  and  watdi-inaker%  to  denote  the  geiiel*al 
contriTance  by  which  the  pressure  of  the  wheels,  which  move 
always  in  one  direction,  and  the  reciprocating  motion  of  the 
pendalum  or  balance,  are  accommodated  the  one  to  the  other, 
when  a  tooth  of  a  wheel  has  given  the  balance  or  pendulum  a 
motion  in  one  direction,  it  must  quit  it,  that  it  may  get  an  im- 
pulsion in  the  opposite  direction ;  and  it  is  this  escaping  of  the 
tooth  of  the  wheel  from  die  balance  or  pendulum,  or  of  the 
latter  from  the  former,  whichever  we  please  to  call  it,  that  has 
given  rise  to  the  general  term. 

From  the  nature  of  a  pendulum,  it  follows,  that  it  need  only 
to  be  removed  from  the  vertical,  and  then  let  go,  in  order  to 
vibrate  and  measure  time.  Hence  it  might  iieem  that  nothing 
is  wanted  but  a  machinery  so  connected  with  the  pendulum  as 
to  keep  a  register,  as  it  were,  of  the  vibration.  It  could  not  be 
difficult  to  contrive  a  method  of  doing  this;  but  more  is  wanted : 
the  air  must  be  displaced  by  the  pendulum.  This  requires 
some  force,  and  must  therefore  employ  some  part  of  the  mo- 
mentum of  the  pendulum.  The  pivot  on  which  it  swiog^  oc- 
t:a8ions  friction — ^the  thread,  or  thin  piece  of  metal  by  whidi  it 
is  hung,  in  order  to  avoid  this  friction,  occasions  some  expen- 
diture of  force  by  its  want  of  perfect  flexibility  or  elasticity. 
These,  and  other  causes,  make  the  vibraticms  become  more  and 
more  narrow  by  degrees,  till  at  last  the  pendulum  is  brought  to 
rest.  We  must,  of  course,  have  a  contrivance  in  the  wheelwork 
which  will  restore  to  the  pendulum  the  small  portion  of  force 
which  it  loses  in  every  vibration.  The  action  of  the  wheels 
therefore  may  be  called  a  maintaining  power,  because  it  keeps 
up  the  vibrations.  But  this  may  affect  the  regularity  of  vibration. 
Ii  it  be  supposed  that  the  action  of  gravity  renders  all  the  vi- 
brations isochronous,  we  must  grant  Uiat  the  additional  impul- 
sion by  the  wheels  will  destroy  that  isochronism,  unless  it  be 
so  applied  that  the  sum  total  of  this  impulsion  and  the  force 
of  gravit;^  may  vary  so  with  the  situation  of  the  pendulum  as 
atilT  to  give  a  series  of  forces,  or  a  law  of  variation,  perfectly 
similar  to  that  of  gravity.  This  cannot  be  effected,  unless  we 
know  both  the  law  which  regulates  the  action  of  gravity,  pro- 
ducing isochronism  of  vibration,  and  the  intensify  of  the  force 
to  be  derived  froni  the  wheels  in  every  situation  of  the  pen- 
dulum. 

Thus^  it  appears  that  considerable  scientific  skill  as  well  am 
mechanical  ingenuity  may  be  displayed  in  the  construction  of 
scapements;  and  the  judicious  consideration  of  them  becomes 
of  great  importance  to  the  artist :  yet,  notwitlutanding  diis,  no 
material  improvement  was  made  in  them  from  the  first  appli- 
cation of  the  pendulum  to  clocks  till  the  days  of  Mr.  George 
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Graham ;  notUng  more  was  attanpted  bofofd  bis  lime  than  ta 
apply  the  impulse  of  the  swing-wheel,  in  such  manner  as  waa 
attended  with  the  least  friction,  and  would  give  the  greatest 
motion  to  the  pendulum.  Dr.  Halley  discovered,  by  some 
experiments  made  at  the  Royal  Observatory  at  Greenwich, 
that  by  adding  more  weight  to  the  pendulum  it  was  made  to 
vibrate  larger  arcs,  and  toe  clock  went  faster ;  by  diminishtn{E 
the  weight  of  the  pendulum,  the  vibrations  became  shorter,  and 
the  clock  went  slower :  the  result  of  these  expei*iments  being 
diametrically  opposite  to  what  ought  to  be  expected  frcua  the 
theory  of  the  pendulum,  probably  tirst  roused  the  attendoa  of 
Mr.  Graham,  who  was  not  only  skilful  in  practice,  but  had 
much  mathematical  knowledge,  and  was  well  qualified  to  ei^ 
amine  the  subject  scientifically :  he  Boon  made  such  further 
trials  as  convinced  him,  that  this  seeming  paradox  was  occa^ 
sioned  by  the  retr<^ade  motion,  which  was  given  to  the  swings 
wheel  by  ^vetx  construction  of  scapement  that  was  at  that  tinne 
in  use ;  and  his  great  sagacity  soon  produced  a  remedy  for  this 
defect,  by  constructing  a  scapement  which  prevent^  all  re* 
coil  of  the  wheels,  and  restored  to  the  clock  pendtilum,  wholly 
in  theory,  atid  nearly  in  practice,  all  its  natural  properties 
in  its  detached  simple  stiUe.  This  scapement,  with  a  few 
others  of  thd  most  approved  construction,  will  now  be  briefly 
described. 

1.  The  scapement  which  has  been  in  use  for  docks  and 
watches  ever  since  tlieir  first  appearance  in  Europe  is  extremely 
simple;  and  its  mode  of  operation  is  too  obvious  to  need 
much  explanation.  In  fig.  1.  pi.  XXIX.  xY  represents  a  iio 
rizontal  axis,  to  which  the  pendulum  p  is  attached  by  a  slender 
rod,  or  otherwise.  This  axis  has  two  leaves  c  and  D  attached, 
one  neor  each  end,  and  not  in  the  aame  plane,  but  so  that  what 
the  pendulum  hangs  perpendicularly,  and  at  rest,  the  piece  c 
inoUnes  a  few  degrees  to  the  right  hand,  and  d  ae  much  to  the 
left.  They  commonly  m«^ke  an  angle  of  from  70  tb  90  de- 
gi*ees  t  they  are  called  by  the  name  ofpaUet9.  afb  represenu 
a  wheel  turning  round  on  a  perpendicular  axis  £^,  in  the  order 
of  the  letters  af&b.  The  teeth  of  this  wheel  ar€  cut  into  the 
form  of  the  teeth  of  a  saw^  leaning  forward,  in  the  direction  of 
the  motion  of  tlie  rim.  i^s  they  somewhat  resemble  the  points 
of  an  old-fashioned  royal  diadem,  this  wheel  has  got  the  name 
of  the  crown-wJteeU  in  watches  it  is  often  called  the  balance^ 
^heeU  The  number  of  the  teeth  is  generally  odd ;  so  that 
when  otie  of  tliem  b  is  pressing  on  a  pallet  n»  the  opposite  paU 
let  c  is  in  the  space  between  two  teeth  a  and  t.  The  figut^ 
represents  the  pendulum  at  the  exti^nity  of  its  excursion  to 
the  right  band)  die  tooth  a  having  just  escaped  from  ike  pal** 
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kt  c»  and  the  idotb  b  having  just  dropped  on  the  pallet  d.  It 
18  plain,  that  as  the  pendulum  now  moves  over  to  the  left,  in 
the  arch  pg,  the  tooth  b  continues  to  press  on  the  pallet  d,  send 
thus  accelerates  tHe  pendulum,  both  during  its  descent  along 
the  arch  ph,  and  its  ascent  along  the  arch  hg.  It  is  no  )es» 
evident,  that  when  the  pallet  d,  by  turning  round  the  axis  xy, 
raises  its  point  above  the  plane  of  the  wheel,  the  tooth  b  escapes 
from  it,  and  i  drops  on  the  pallet  c,  which  is  now  nearly  per- 
pendicular. I  presses  c  to  the  right,  and  accelerates  the  mo- 
tion of  the  pendulum  along  the  arch  gp.  Nothing  can  be  more 
obvious  than  this  action  of  the  wheel  in  maintaining  the  vibra- 
tions of  the  pendulum.  We  can .  easily  perceive,  also,  that 
when  the  pendulum  is  hanging  perpendicularly  in  the  line  xh, 
the  tooth  B,  by  pressing  on  the  pallet  n,  will  force  the  pendur- 
lum  a  little  way  to  the  left  of  the  perpendicular,  and  will  force 
it  so  much  the  further  as  the  pendulum  is  lighter ;  and,  if  it  be 
sufficiently  light,  it  will  be  forced  so  far  from  the  perpendicu- 
lar that  the  tooth  b  will  escape,  and  then  i  will  catch  on  c,  and 
force  the  pendulum  back  to  p,  where  the  whole  operation  will 
be  repeated.  The  same  effect  will  be  produced  in  a  moreTe- 
markable  degree,  if  the  rod  of  the  pendulum  be  continued 
through  the  axis  xv,  and  a  ball  q  put  on  the  other  end  to  ba- 
lance p.  And,  indeed,  this  is  the  contrivance  which  was  first 
applied  to  clocks  all  over  Europe,  before  the  application  of 
the  pendulum.  They  were  balance  clocks.  The  force  of  the 
wheel  was  of  a  certain  magnitude,  and  therefore  able,  during  its 
action  on  a  pallet,  to  communicate  a  certain  quantity  of  motion 
and  velocity  to  the  balls  of  the  balance.  When  the  tooth  b 
escapes  from  the  pallet  n,  the  balls  are  then  moving  with  a  cer- 
tain velocity  and  momentum.  In  this  condition,  the  balance 
is  checked  by  the  tooth  i  catching  on  the  pallet  c.  But  it  is 
not  instantly  stopped.  It  continues  its  motion  a  little  to  the 
left,  and  the  pallet  c  forces  the  tooth  i  a  little  backward.  Bui 
it  cannot  force  it  so  far  as  to  escape  over  the  top  of  the  tooth 
I ;  because  all  the  momentum  of  the  balance  was  generated  by 
the  force  of  the  tooth  b  :  and  the  tooth  i  is  equally  powerful 
Besides,  when  i  catches  on  c,  and  c  continues  its  motion  to 
the  lefty  its  lower  point  applies  to  the  face  of  the  tooth  i, 
which  now  acts  on  the  balance  by  a  long  and  powerful  lever, 
and  soon  stops  its  further  motion  in  that  direction  ;  and  now, 
continuing  to  press  on  c,  it  urges  the  balance  in  the  opposite 
direction*  Thus  we  see  that  in  a  scapement  of  this  kind  the 
motion  of  the  wheel  must  be  very  hobbling  and  unequal, 
making  a  great  step  forward,  and  a  short  step  backward,  at 
every  beat.  This  has  occasioned  the  contrivance  to  get  the 
name  of  the  recoiling  scapement,  or  the  scapement  of  recoils 
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Ifi  tills  Bcapement  the  vibrations  are  quicker  than  if  the  balance 
or  pendulum  vibrated  freely :  for  the  recoil  shortens  the  ascend- 
ing part  of  the  vibration,  by  contracting  the  extent  of  the  arc, 
aiid  the  redaction  of  the  wheel  accelerates  the  descending  part  of 
the  vibration.  In  this  scapement,  too,  iftbe  maintaining  power 
be  increased,  the  vibration  will  be  performed  in  larger  arcs,  but 
in  less  time :  because  the  greater  pressure  of  the  crown-wheel 
on  the  pallet  will  cause  the  balance  to  vibrate  through  larger 
arches;  and  the  time  will  be  less  increased  en  this  account  tlian 
it  will  be  diminished  by  the  acceleration  that  pressure  gives  to 
the  balance  and  the  diminution  of  the  time  of  recoil. 

S.  The  preceding  scapement  not  being  well  adapted  to  such 
vibrations  as  are  performed  through  arcs  of  a  few  degrees  only, 
another  construction  has  been  maae  which  has  been  in  constant 
use  for  about  a  century  in  clocks,  with  a  long  pendulum  beating 
seconds.  In  fig.  2.  ab  represents  a  vertical  wheel  called  the 
swing-wheel,  having  thirty  teeth,  cd  represents  a  pair  of  pallets 
connected  together^  and  moveable  in  conjunction  with  the  pen- 
dulum on  the  centre  or  axis  f.  One  tooth  of  the  wheel,  as 
shown  in  the  figure,  rests  on  the  inclined  sur&ce  of  the  inner 
part  of  the  pallet  c ;  on  which  its  disposition  to  slide  tends  to 
throw  the  point  of  the  pallet  further  from  the  centre  of  the 
wheel,  and  consequently  assists  the  vibration  in  that  direction. 
While  the  pallet  c  moves  outwards  and  the  wheel  advances, 
the  point  of  the  pallet  d  of  course  approaches  towards  the 
centre  in  the  opening  between  the  two  nearest  teeth ;  and  when 
the  acting  tooth  of  the  wheel  slips  off,  or  escapes  from  the 
pallet  c,  another  tooth  on  the  opposite  side  immediately  falls  on 
the  exterior  inclined  face  of  d,  and  by  a  similar  operation  tends 
to  push  that  pallet  from  the  centre.  The  returning  vibration  is 
thus  assisted  by  the  wheel,  while  the  pallet  c  moves  towards  the 
centre,  and  receives  the  succeeding  tooth  of  the  wheel,  after 
the  escape  from  the  point  of  d.  Inus  may  the  alternation  be 
conceiv^  to  go  on  without  limit. 

In  this  scapement,  as  well  as  the  former,  the  vibrating  part 
is  constantly  under  the  influence  of  the  maintaining  power,  ex- 
cept during  the  interval  of  the  drop,  or  actual  escape  of  the 
wheel  from  one  pallet  to  the  other.  One  principal  recommen- 
dation of  this  scapement  seems  to  have  been  the  facility  with 
which  it  affords  an  index  for  seconds  in  the  face  of  the  clock. 
Though  the  pendulum,  according  to  this  construction,  is  con- 
stantly connected  with  the  maintaining  power  in  a  clock,  yet 
the  variations  of  that  power  have  not  the  same  mischievous 
effect  as  in  a  watch,  b^K^ause  the  momentum  of  the  pendulum, 
compared  with  the  impulse  of  the  maintaining  power,  is  pro- 
•  digiously  greater  in  the  former  of  these  instruments.     A  very 
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considerable  change  in  the  maintaining  power  of  a  clock  with 
a  long  pendulum  will  only  cause  a  variation  of  a  few  seconds 
in  the  aailj  rate. 

3.  Mr.  Graham's  scapement,  already  spoken  of,  was  a  con- 
siderable improvement  upon  that  just  described.  He  took  off 
part  of  the  slope  furthest  from  the  points  of  the  pallets  ;  and 
instead  of  that  part  he  formed  a  circular  or  cylindrical  face,  hav- 
ing its  axis  in  the  centre  of  motion.  Pallets  of  this  kind  are 
shown  at  the  lower  part  of  fig.  9.  at  e  and  o,  having  h  for  their 
centre  or  axis.  A  tooth  of  the  wheel  is  seen  resting  upon  the 
circular  inner  surface  of  the  pallet  g,  which  therefore  is  not 
affected  by  the  wheel,  excepting  so  far  as  its  motion,  arising 
from  any  other  cause,  may  be  affected  by  the  friction  of  the 
tooth ;  and  this  resistance  is  exceedingly  minute,  not  amounting 
to  one-eighth  of  the  pressure  on  the  arch.  Nay,  we  think  it 
appears  from  the  experiments  of  Coulomb,  that,  in  the  case  of 
such  minute  pressure  on  a  surface  covered  with  oil,  there  is  no 
sensible  retardation  analogous  to  that  produced  by  friction,  and 
that  what  retardation  we  observe  arises  entirely  from  the  clam- 
miness of  the  oil.  If  the  vibration  of  the  pendulum  be  supposed 
to  carry  g  outwards,  the  slope  surface  will  be  brought  to  the 
point  of  the  tooth,  which  will  slide  along  it,  and  urge  the  pallet 
outwards  during  this  sliding  action.  When  the  tooth  has  fallen 
from  the  point  of  this  pallet,  an  opposite  tooth  will  be  received 
on  the  circular  surface  of  k,  and  will  not  affect  the  variation, 
excepting  when  the  slope  surface  of  e  is  carried  out  so  as  to 
suffer  the  tooth  to  slide  along  it.  This  contrivance  is  known 
by  the  name  of  the  dead  beat^  the  dead  scapement ;  because 
the  seconds  index  stands  still  after  each  drop,  whereas  the 
index  of  a  clock  with  a  recoiling  scapement  is  always  in  mo- 
tion, hobbling  backward  and  forward. 

In  this  scapement,  an  increase  of  the  maintaining  power 
renders  the  vibrations  larger  and  slower  :  because  the  greater 
pressure  of  the  tooth  on  the  edge  of  the  pallet  throws  it  round 
through  a  greater  arch  ;  and  its  increased  pressure  on  both  sur- 
faces of  the  pallet  retards  its  motion. 

4.  The  effect  of  the  scapement  which  has  been  called  hori- 
zontal, because  the  last  wheel  in  watches  of  this  construction 
has  its  plane  parallel  to  the  rest  of  the  system,  is  similar  to  that 
of  the  dead-beat  scapement  of  Graham.  In  fig.  5,  the  hori- 
zontal wheel  is  seen  with  twelve  teeth,  upon  each  of  which  is 
fixed  a  small  wedge  supported  above  the  plane  of  the  wheel, 
as  may  be  seen  at  the  letters  a  and  b.  On  the  verge  of  the 
balance  there  is  fixed  part  of  a  hollow  cylinderof  steel  or  other 
hard  material,  the  imaginary  axis  of  which  passes  through  the 
pivots  of  the  verge,     c  represents  this  cylindrical  piece,  into 
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which  the  yerge  d  may  be  supposed  to  have  fallen.  While  the 
vibration  causes  the  cylindrical  piece  to  revolve  in  the  direction 
which  carries  its  anterior  edge  towards  the  axis  of  the  wheel,  the 
point  of  the  wedge  will  merely  rub  the  internal  surface,  and  no 
otherwise  afiect  tlie  vibration  of  the  balance  than  by  retarding 
its  motion.     But  when  the  return  of  the  vibration  clears  the 
cylinder  of  the  point  of  the  wedge  n,  the  wheel  will  advance, 
^d  the  slope  surface  of  the  wedge  acting  against  the  edge  of 
the  cylinder  will  assist  the  vibration  of  the  balance.  When  the 
edge  of  the  cylinder  arrives  at  the  outer  point  of  the  wedge  d, 
its  posterior  edge  must  arrive  at  the  position  denoted  by  the 
dotted  lines  of  continuation;  immediately  after  which  the  wedge 
or  tooth  K  will  arrive  at  the  position  e,  and  rest  on  the  outer 
surface  of  the  cylinder,  where  it  will  produce  no  other  effect 
than  that  of  retardation  from  friction^  as  was  remarked  with  re- 
gard to  the  wedge  d,  until  the  course  of  the  vibration  shall 
bring  the  posterior  edge  of  the  cylinder  clear  of  the  point  of  the 
wedge.     In  this  last  situation,  the  wedge  will  act  on  the  edge 
of  the  cylinder,  and  assist  the  vibration,  as  in  the  former  case, 
until  that  edge  shall  arrive  at  the  outer  or  posterior  point  of  the 
wedge ;  immediately  after  which  the  leading  point  will  fall  on 
the  inner  surface  of  the  cylinder  in  the  first  position,  as  was 
shown  in  the  wedge  d. 

Horizontal  watches  were  greatly  esteemed  for  a  consider- 
able time,  until  lately,  when  they  gave  place  to  those  con- 
structions which  are  known  by  the  name  of  detached  or  free 
scapements.  In  the  common  scapement,  fig.  1,  an  increase  of 
the  maintaining  power  increases  tne  recoil,  and  accelerates  the 
vibrations :  but  with  the  horizontal  scapement  there  is  no  recoil; 
and  an  increase  of  the  maintaining  power,  though  it  may  en- 
large the  arc  of  vibration,  will  not  necessarily  diminish  or  alter 
the  time.  It  is  accordingly  found,  that  the  experiment  of 
altering  the  maintaining  power  by  the  application  of  the  key 
does  not  alter  the  rate  m  the  same  perceptible  manner  as  in 
common  watches. 

6.  Fig.  6,  represents  the  free  scapement  of  our  best  portable 
time-pieces.  Fig.  4,  exhibits  the  scapement  on  a  large  scale* 
On  the  verge  of  the  balance  is  fixed  a  circular  piece  of  sap- 
phire, or  of  hard  steel,  el,  out  of  which  a  sectoral  piece  is  cut. 
HG  is  a  straight  spring  fixed  near  its  extremity  h,  and  having  at 
the  other  extremity  a  pin  g,  against  which  one  of  the  teeth  ofthe 
wheel  n  rests  when  the  train  is  at  rest.  This  spring  has  a  slight 
tendency  towards  the  centre  of  the  wheel,  but  is  prevented  by 
the  stop  K  from  throwing  the  pin  further  inwards  than  j  ust  to  re- 
ceive tne  point  of  the  tooth,  i  is  a  very  slender  spring  fixed  at 
the  end  i,  and  pressing  very  slightly  against  the  pin  g^  ina  di- 
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recdoii  ten4ing  to  throw  it  from  the  wheel  d,  but  which  on  ac« 
coant  of  the  greater  power  of  hg  it  cannot  effect.  It  may  be 
observed  that  the  spring  i  proceeds  a  little  beyond  the  pin  g. — 
F  is  a  lever  proceeding  from  the  verjge  of  the  balance  directly 
opposte  the  end  of  the  spring  i,  and  long  enough  to  strike  it  in 
its  vibration.  The  action  is  as  follows: — From  the  pressure  of 
the  main  spring  the  wheel  (fig.  4.)  is  urged  from  D  towards  f, 
but  is  prevented  from  moving  by  the  pin  g.  Let  the  balance 
be  maae  to  vibrate,  and  the  lever  f  will  move  through  the  arc 
Ff,  strike  the  inner  extremity  of  the  spring  i,  and  displace  the 
pm  g.  At  this  instant  the  face  k,  which  may  be  called  the  pal- 
let, will  have  arrived  at  the  position  e,  against  which  the  tooth 
of  the  wheel  will  &11,  and  communicate  its  impulse  through 
about  15^  or  16^  of  the  vibration.  But  f  quits  the  spring  i 
sooner  than  the  wheel  auits  the  pallet  £,  and  consequently  the 
pin  G  will  have  returned  to  its  first  station  before  the  wheel  can 
have  advanced  a  whole  tooth,  and  the  spring  or  detent  hg  will 
receive  the  wheel  as  before,  immediately  after  its  escape  from 
the  pallet.  The  returning  vibration  of  the  balance  will  be 
maae  with  the  piece  el  perfectly  at  libertv  between  two  teeth 
of  the  wheel,  as  in  the  sketch,  and  the  back  stroke  of  the  lever 
F  against  the  tender  spring  i  will  have  no  effect  whatever  on  the 
pin  6  ;  this  spring  being  liLe  the  back  spring  of  the  jacks  of  the 
harpsichord,  active  in  one  direction  only.  The  third  vibration 
of  the  balance  will  unlock  the  detent  as  before ;  the  impulse 
will  again  be  given,  and  the  whole  process  will  be  repeated  : 
and  in  this  manner,  the  balance,  though  it  may  vibrate  through 
the  greatest  part  of  the  entire  circle,  will  be  entirely  free  of  the 
works,  except  during  the  very  small  time  of  the  drop  of  the 
wheel. 

It  is  hardly  necessary  to  make  any  remark  on  this  scapement. 
It  requires  little  or  no  oil ;  and  when  all  the  parts,  particularly 
the  pendulum  spring,  are  duly  adjusted,  it  is  found  that  a  very 
great  variation  in  the  first  mover  will  remarkably  alter  the  arc  of 
vibration  without  affecting  the  rate.  The  piece  el  might  have 
consisted  of  a  single  pallet  or  arm,  instead  of  a  portion  of  a 
circle  or  cylinder ;  but  such  a  piece  would  have  been  rather 
less  convenient  to  make  in  sapphire,  or  ruby,  as  in  the  best 
time-pieces,  and  would  also  have  been  less  useful.  For  if  by 
any  accident  or  shock  the  pin  g  should  be  displaced  for  an  in- 
stant, the  wheel  d  will  not  run  down,  because  it  will  be  caught 
upon  the  circular  surface  of  el.  It  is  indeed  very  easy  to  ob- 
serve, that  the  piece  el  would  operate  without  the  detent, 
though  with  much  friction  during  the  time  of  repose.  The 
tooth  of  the  wheel  would  in  that  case  rest  upon  its  circular 
face. 
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6«  In  the  two  last  scapements  we  have  seen  tha  variable  ef^ 
fects  of  the  maintaining  power  almost  entirely  removed)  as  far 
as  can  be  practically  discerned.  Fig.  7,  exhibits  the  scape- 
nient  of  Mudge ;  in  which  the  balance  is  perfectly  detached 
from  the  train  of  wheels,  except  during  the  extremely  short  in-> 
terval  of  striking  out  the  parts  which  serve  the  purpose  of  de* 
tents.  ONEBQ  is  the  circumference  of  the  balance,  vibrating 
by  the  action  of  a  spiral  spring  as  usual  on  its  axis  ca  bh  pass- 
ing through  the  centre  c :  the  axis  is  bent  into  a  crank,  axyd^ 
to  make  room  for  the  other  work,  lm,  zw,  are  two  rods 
fixed  to  the  crank  at  the  points  l  and  z,, parallel  to  xy. 
c  d  efr  8  are  fixed  parts  of  the  machine,  tr  is  an  axis  con- 
centric with  that  of  the  balance,  and  carrying  an  arm  go  nearly 
at  right  angles  to  it,  and  a  small  auxiliary  spring  u^  which  is 
wound  up  whenever  the  arm  go  is  moved  in  the  direction  oh. 
2?  is  a  curved  pallet  fixed  to  the  axis  tr,  which  receives  the 
tooth  of  the  balance  wheel  near  the  axis.  The  tooth,  pro- 
ceeding along  the  curved  surface,  by  the  force  of  the  main 
spring  turns  toe  axis  and  its  arm  go,  and  winds  up  the  spring 
u,  A  small  projection  at  the  extremity  of  the  curved  sur&ce 
of  the  pallet  p  prevents  the  further  progress  of  the  tooth,  when 
the  arm  og  has  been  turned  through  an  arc  oA,  of  about  27^ ; 
an.d  consequently  the  spring  «^  has  been  wound  up  through  the 

$4ime  angle  or  arc,  ogA  =  27^. rs  is  another  axis  exactly 

similar  to  tr.  It  carries  its  arm  xo,  and  spring  v,  and  the 
tooth  of  the  balance-wheel  lm  winds  up  the  spring  v,  by  act- 
ing on  the  pallet  a,  and  is  detained  by  a  projection,  after  having 
carried  it  tnrough  an  angle  of  27^  exactly  as  in  the  former  case. 
The  arcs  passed  throu^  by  the  arms  qo  and  lo,  and  marked 
in  the  figure,  are  also  denoted  by  the  same  letters  on  the  rim 
of  the  balance. 

The  effect  of  this  scapement  maybe  thus  explained  :.let  the 
balance  be  in  the  quiescent  state,  the  main  spring  being  no- 
wound,  and  the  branch  or  crank  in  the  position  represented  in 
the  fi^re.  If  the  Quiescent  points  of  the  auxiliary  springs 
coincide  with  that  or  the  balance-spring,  the  arm  go  will  just 
touch  the  rod  lm,  and  in  like  manner  the  arm  lo  will  just 
touch  the  rod  wz ;  the  two  arms  go  and  lo  in  this  position  are 

fmrallel  to  the  line  co.  This  position  of  the  balance  and  auxi- 
iary  springs  remains  as  long  as  the  main  spring  of  the  ma-^ 
chine  contmues  unwound;  but  whenever  the  acdon  of  the 
main  spring  sets  the  balance-wheel  in  motion,  a  tooth  th^eof 
meeting  with  one  or  other  of  the  pallets  p  or  q^  will  wind  up 
one  of  the  auxiliary  springs :  suppose  it  should  oe  the  spring  m. 
The  arm  go  being  carriea  into  the  position  g£,  by  the  force  of 
the  baUnce-wheelacting  on  the  pallet  jp,  remains  in  that  position 
voi<,  u*  B  B 
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as  long  as  the  tooth  of  the  baknee-whed  ^otitinves  locked'hy 
the  projection  at  the  extremity  of  the  pallet  p ;  and  the  balance 
itself  not  being  at  all  affected  by  the  motion  of  the  arm  go,  nor 
by  the  winding  up  of  the  spring  u,  remains  in  its  quiescent 
position :  coiiseauently  no  vibration  can  take  place,  except  by 
the  assistance  ot  some  external  force  to  set  the  balance  in  mo- 
tion. Suppose  an  impulse  to  be  given  sufficient  to  carry  it 
through  the  semi-arc  o  b,  which  is  about  1 35^  in  Mr.  Mudge'*s 
construction. 

The  balance,  during  this  motion,  carries  with  it  the  crank 
AX  YD,  and  the  affixed  rods  lm,  zw.  When  the  balance  has 
described  an  angle  of  about  21^  :^  the  angle  ochy  or  ogA,  the 
rod  LM  meets  with  the  arm  gh,  and  by  turning  the  axis  tr, 
and  the  pallet  p  in  the  direction  of  the  arc  oA,  releases  the 
tooth  of  the  balance-wheel  from  the  projection  at  the  extre- 
mity of  the  pallet  jpr  the  balance-wheel  immediately  revolves, 
and  the  lower  tooth  meeting  wit^  the  pallet  q,  winds  up  the 
auxiliary  spring  v,  and  carries  the  arm  lo  witli  a  circular  motion 
through  the  angle  oi^,  about  1B7S  in  which  position  the  arm  lo 
remains  as  long  as  the  tooth  of  the  balance-wheel  is  locked  by 
the  pallet  a.  W  hile  the  spring  v  is  winding  up  through  the  arc 
oAr,  the  balance  describes  the  remaining  part  of  the  semi-arc  An, 
and  during  this  motion  die  rod  lm  carries  round  the  arm  gA, 
causing  it  to  describe  an  angle  Acb,  or  Agb,  wl^ich  is  measured 
by  the  arc  Ab=108^.  Wh«i  the  balance  has  arrived  at  the 
extremity  of  the  semi-arc  ob  =r  1 35%  the  auxiliary  spring  u  will 
.'have  been  wound  up  dirough  the  same  angle  of  1 30%  that  is  to 
say,  27%  by  the  force  of  the  main-spring  acting  on  the  pallet  p, 
'  *and  108^  by  the  balance  itself,  carrying  along  with  it  the  arm 
oo,  or  ahy  while  it  describes  the  arc  Ab.  The  balance  diere- 
fore  returns  through  the  arc  bo,  bv  the  joint  action  of  die 
balance-spring  and  the  auxiliary  ^nng  u;  die  acceleradcHi  of 
both  Idlings  ceasing  the  instant  thebalanee  arrives  at  the  qiHes- 
oent  point  o.  When  the  balance  has  proceeded  m  its  vibration 
fldx>ttt  21^  b^ond  the  p<wit  o^  to  the  position  ek,  the^od  zw 
meets  with  the  >flrm  ik,  and  by  carrying  it  forward  releases  4he 
toodi  of  the  balance-wheel  from  the  pallet  q.  The  balaaee- 
wheel  accordingly  revolves,  «id  the  upper  tooth  meedng  with 
the  pallet  p  winds  op  the  auxiliary  spnng  u  «s  before*  The 
balance  with  the  crank  proceeding  to  describe  the  remaining 
«enii-arc  k^  winds  «p  the  spring  ^  through  the  further  angle 
ArcE=:108%iand  returns' through  the  semi-arc  se,  by  4he  jomt 
acdon  of  the  J^ance-iqiriog  and-die  auxiliary  4^ring  w,  bodi  of 
which  pease  to  accelerate^  the  baiancethe  instant  it  has  anrived 
at  o. 

It  may  be  remaiiced,  in  this  curious  scapement^  that  the 
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motion  of  the  balance  in  its  semi- vibration  from  the  point  of 
quiescence  is  opposed  through  an  arc  of  no  more  than  108^ 
but  is  accelerated  in  its  return  through  the  whole  arc  of 
13^^,  and  that  the  difference  is  what  maintains  the  vibrations; 
and  moreover,  that  the  force  from  the  wheel  being  exerted 
to  wind  i^p  each  auxiliary  spring  during  the  time  it  is  to- 
tally disengaged  from  the  balance^  this  last  organ  cannot  be 
affected  by  its  irregulariti^,  except  so  far  as  they  may  render 
it  more  difficult  to  disenga^  the  rim  of  the  pallet  from  the 
tooth.  The  balance  describes  an  arc  of  about  8^  during  this 
disengagement. 

Count  Bruhl,  in  his  pamphlet  '<0n  the  Investigation  of 
Astronomical  Circles/^  after  describing  Mudge^s  scapement, 
proceeds  thus :  <<  By  what  has  been  said,  it  is  evident,  that 
whatever  inequality  there  may  be  in  the  power  derived  from  the 
main-spring  (provided  the  latter  be  sufficient  to  wind  up  those 
little  pallet-spring),  it  can  never  interfere  with  the  regularity  of 
the  balance's  motion,  but  at  theinstant  of  unlocking  the  pallets, 
which  is  so  instantaneous  an  operation,  and  the  resistance  so 
exceedipgly  small,  that  it  cannot  possibly  amount  to  any 
sensible  error.  The  removal  of  this  great  obstacle  was  cer- 
tainly never  so  effectually  done  by  any  other  contrivance,  and 
deserves  the  highest  commendation,  as  a  probable  means  to 
perfect  a  portable  machii^e  that  will  measure  time  correctly. 
But  this  is  not  the  only,  nor  indeed  the  principal,  advantage 
which  this  time-keeper  will  possess  over  any  other ;  for,  as  it  is 
impossible  \o  reduce  friction  to  so  small  a  quantity  as  not  to 
affect  the  ipQtion  of  a  bal^c^  the  consequence  of  which  is, 
that  it  describes  sometime^  greater  and  sometimes  smaller  arcs, 
it  became  necessary  to  think  of  some  method  by  which  the 
balance  might  be  brought  to  describe  those  different  arcs  in  the 
same  time.  If  a  balance  pould  be  made  to  vibrate  without 
friction  or  resistwce  from  the  medium  in  which  it  moves,  the 
mere  expanding  lEind  contracting  of  the  pendulum^spring  would 
probabfy  produpe  the  so  much  wished  for  effect,  as  its  force  is 
supposed  to  be  proportional  to  the  arcs  described  ;  but  as  there 
is  no  machine  vpid  of  friction,  ^nd  as  from  that  cause  the  velo- 
city of  every  balance  decreases  more  rapidly  than  the  spaces 
gone  through  decrease,  this  iii^equality  could  only  be  removed 
by  a  force  actipg  on  the  balance,  which  assuming  difierent  ratios 
in  its  c|i£ferent  stagesi  could  qounterbalance  that  inequality. 
This  very  mat^ial  and  important  remedy,  Mr.  Mudge  has 
effected  by  the  construction  of  his  scapement ;  for  his  pallet- 
springs  having  a  force  cap^ible  of  being  incr^sed  alnpost  at 
pleasure,  at  the  commencement  of  every  vibration,  the  pro- 
P9r^on  in  their  diffejrent  degrees  of  tension  may  be  altered  till 

bb2 
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it  answers  the  intended  purpose.  This  shows  how  effectually 
Mr.  Mudge^s  scapement  removes  the  two  great^t  difficulties 
that  have  hitherto  baffled  the  attempts  ot  every  other  artist, 
namely,  the  inequalities  of  the  power  derived  irom  the  main 
spring,  and  the  irregularities  arising  from  friction,  and  the 
variable  resistance  of  the  medium  in  which  the  balance  moves;^ 

7.  Fig.  8,  is  the  sketch  of  an  adaptation  of  Mudge's  scape- 
ment to  a  clock.  LM  is  a  part  of  the  periphery  of  the  wheel. 
GA,  GB,  are  two  arms  separately  moveable  on  the  same  axis, 
and  terminating  in  the  pallets  a,  b.  These  pallets  have  inclined 
faces,  with  a  claw  or  detent  at  the  lower  part  of  each,  go,  io, 
are  tails  proceeding  from  each  pallet-piece  respectively,  and 
the  dark  spot  at  n  represents  a  pin  proceeding  from  the  pen- 
dulum rod,  and  capable  of  movingeither  of  the  tails  according 
to  the  course  of  the  vibration.  The  dotted  circles  u  and  t' 
represent  weights  which  are  stuck  upon  two  piiis,  and  may  be 
changed  for  others,  greater  or  smaller,  until  the  most  suitable 
quantity  is  found.  Suppose  the  wheel  to  be  urged  from  l  to- 
wards M,and  the  pendulum  made  to  vibrate  by  external  impulse. 
The  pin  n  proceeding  towards  l  will  strike  the  tail  go,  raise 
the  pallet  a,  and  set  tne  wheel  at  liberty :  which  sliding  along 
the  inner  surface  of  the  pallet  b,  will  raise  it,  and  stop  against 
the  claw  at  its  lower  end.  lo  will  consequently  be  carried  into 
the  position  ip ;  and  the  pallet  a  in  its  return  will  be  opposite  to 
a  vacancy,  which  will  permit  the  tail  go  to  follow  the  pin  n  as 
far  as  the  perpendicular  situation.  The  pendulum  will  therefore 
be  assisted  by  the  weight  u  through  a  longer  arc  in  its  descent, 
than  it  was  impeded  by  it  in  its  ascent.  In  the  opposite  semi- 
vibration  toward  m,  the  pendulum  will  proceed  unopposed  by 
V,  while  it  passes  through  the  angle  oip,  when  it  will  raise  ^, 
and  permit  the  wheel  to  elevate  the  pallet  a.  In  the  motion  on 
this  side  of  the  perpendicular,  it  is  also  clear  that  the  descent 
will  be  more  assisted  than  the  ascent  was  impeded.  Whence 
it  follows,  that  the  clock  will  continue  to  go :  and  no  variation 
of  the  force  of  the' wheel  LM,  which  raises  the  pallets  in  the 
absience  of  the  pendulum,  will  affect  the  vibration,  except  so 
far  as  it  maV  afford  a  variable  resistance  at  the  detent  or  claw. 

8.  Mr.  Mudge  has  also  given  another  detached  scapement, 
which  he  recommends  for  pocket-watches,  and  executed  en- 
tirely to  bis  satisfaction  in  one  made  for  the  queen.  A  dead- 
beat  pendulum  scapement  is  interposed  between  the  wheels  and 
the  balance.  The  crutch  edf  (fig.  8.)  has  a  third  arm  dg  stand- 
ing outwards  from  the  meeting  of  the  other  two,  and  of  twicfe 
their  length.  This  arm  terminates  in  a  fork  agb.  The  verge  v 
has  a  pallet  c,  which,  when  all  is  at  rest,  would,  stand  between 
the  points  a,  b,  of  the  fork.     But  the  wheel;  by  its  action  on 
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the  pallet  £,  forces  the  fork  into  the  position  Bgb^  the  point  a 
of  the  fork  being  now  where  b  was  before^  just  touching  the 
cylindrical  surface  of  the  verge.  The  scapement  of  the  crutch 
EDF  is  not  accurately  a  dead-beat  scapement,  but  has  a  very 
small  recoil  beyond  the  angle  of  impulsion.  By  this  circum- 
stance the  branch  a  (now  at  b)  is  made  to  press  most  gently  on 
the  cylinder,  and  keeps  the  wheel  locked,  while  the  balance  is 

g^ing  round  in  the  direction  bha.  The  point  a  gets  a  motion 
om  A  to  B  by  means  of  a  notch  in  the  cylinder,  which  turns 
round  at  the  same  time  by  the  action  of  the  branch  ag  on  the 
pallet  c ;  but  a  does  not  touch  the  cylinder  during  this  motion, 
the  notch  leaving  free  room  for  its  passage.  When  the  balance 
returns  from  its  excursion,  the  pallet  c  strikes  on  the  brancH 
A  (still  at  fi),  and  unlocks  the  wheel.  This  now  acting  on  the 
crutch-pallet  f,  causes  the  branch  b  of  the  fork  to  follow  the 
pallet  c,  and  five  it  a  strong  impulse  in  the  direction  in  which 
it  is  then  moving,  causing  the  balance  to  make  a  semi-vibrati9n 
in  the  direction  ahb.  The  fork  is  now  in  the  situation  Ag^i, 
similar  to  sg*d,  and  the  wheel  is  again  locked  on  the  crutch^ 
pallet  £. 

The  intelligent  reader  will  admit  this  to  be  a  very  st^dy  and 
eiSective  scapement.  The  lockage  of  the  wheel  is  procured  in 
A  very  ingenious  manner ;  and  the  friction  on  the  cylinder, 
necessary  for  effecting  this,  may  be  made  as  small  as  we  please, 
notwithstanding  a  very  strong  action  of  the  wheel;  for  the 
pressure  of  the  fork  on  the  cylinder  depends  entirely  on  the 
degree  of  recoil  that  is  formed  on  the  pallets  e  and  f*  Pressure 
on  the  cylinder  is  not  indispensably  necessary,  and  the  crutch- 
scapement  may  be  a  real  dead-beat.  Qut  a  small  recoil,  by 
keeping  the  fork  in  contact  with  the  cylinder,  gives  the  most 
perfect  steadiness  to  the  motion.  The  ingenious  inventor,i  ^> 
man  of  approved  integrity  and  judgment,  declares  that  her 
majesty's  watch  was  the  best  pocket-watch  he  had  ever  seen. 
We  are  not  disposed  to  question  its  excellency. 

9.  Another  scapement,  in  which  a  considerable  degree  of 
ingenuity  is  united  w;ith  comparative  simplicity,  is  that  of  Mr. 
De  Lafons.  The  inventor'^s  description,  and  some  of  bis  obr 
servations,  as  presented  to  the  Society  of  Arts,  are  as  follows : 

<<  Although  the  giving  an  equal  impulse  to  the  balance  has 
been  already  mpst  ingeniously  done  bv  Mr,  Mudge  and  Mr. 
Halev  (from  whose  great  merit  I  would  not  wish  to  detract), 
yet  the  extreme  difficulty  and  expense  attending  the  first,  and 
the  very  compound  locking  of  the  second,  render  them  far  from 
completing  tne  desired  object. 

<<  The  perfections  and  advaptages  arising  from  my  improve, 
ments  on  the  remontoire  detached  scapement  for  chronometers^ 
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which  gives  a  perfectly  equal  Impulse  to  the  balance,  and  not 
only  entirely  removes  whatever  irregularitied  arise  from  the 
different  states  of  fluidity  in  the  oil,  from  the  train  of  wheels,  or 
ft'om  the  main  spring,  but  does  it  in  a  simpler  way  than  any  with 
which  I  am  acquainted.  I  trust  it  will  not  be  thought  improper 
in  me  to  answer  some  objections  made  at  the  examinations  before 
the  committee,  as  I  am  fully  persuaded  the  more  mathematically 
And  critically  the  improvements  are  investigated,  the  more  per- 
fect they  will  prove  to  be. 

"  It  was  first  observed,  that  my  method  did  not  so  complefely 
detach  the  train  of  wheels  from  the  balance  as  another  scape- 
ment  then  referred  to.  1  beg  leave  to  remark,  that  the  triin  of 
wheels  in  mine  is  prevented  from  pressing  against  the  locking 
by  the  whole  power  of  the  remointoire-spring;  so  that  the  balance 
has  only  to  remove  the  small  remainmg  pressure,  which  doe^ 
away  that  objection^  and  also  that  of  the  disadvantage  of  detents, 
as  this  locking  may  be  compared  to  a  light  balance  turning  on 
fine  pivots,  without  a  pendulum-spring;  andhas  only  the  advan- 
tage of  banking  safe  at  two  turns  of  the  balance,  and  of  being 
firmer  and  lessliable  to  be  out  of  repair  than  any  locking  where 
spring-work  is  used,  but  likewise  of  unlocknig  with  much  less 
power. — It  was  then  observed,  it  required  more  power  to  make 
It  go  than  usual.  Permit  tne  to  say,  it  requires  no  more  power 
than  any  other  remontoire-scapement,  as  the  power  is  applied  m 
the  most  mechanical  manner  possible. — And,  lastly,  it  was  said, 
Ibat  it  set  or  required  the  balance  to  vibrate  an  unusually  large 
arc  before  the  piece  would  go.  This  depends  on  the  accuracy 
of  the  execution,  the  proportionate  diameter  and  weight  of  the 
balance,  the  strength  of  the  remontoire-spririg,  ahd  3ie  lengtii 
cf  the  pallets.  If  these  circumstances  are  w3l  attended  to,  it 
will  set  but  little  iriore  than  the  most  generally  detached  scape- 
ments.'^ 

A,  shows  the  6cap&-wheelj  pi.  XXIX. 

B,  the  lever-pallet,  on  an  Arbor  witli  fine  pivt)t&,  hiaving  at 
the  lower  eiid 

c,  the  remontoire  or  spiral-spring  fixed  with  a  collar  arid  stotf, 
as  pendulum-springs  are. 

D,  the  palliet  of  the  verge,  having  a  roller  turning  ito  small 
pivots  for  the  lever-pallet  to  act  against. 

£,  Pallets  to  discharge  the  locking,  with  a  r^ler  between^  as 
in  fig.  10. 

F,  the  arm  of  the  locking-paHet  eontinu^d  at  the  other  end 
to  make  it  poise,  having  studs  and  screws^  to  adjust  and  bank 
the  quantity  of  motion. 

a  and  J,  the  locking-pallets  being  porthms  of  cirdtes,  ibstened 
oil  an  arbor  turning  on  fine  pivots.  .  . 
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fSt,  tbie  Idple  fork,,  at  ibe,  eod  of  the  aqn  of  the  lodatg 
pallets. 

The  centre  of  the  lever-pallet  in  the  draft  is  in  a  right  line 
between  the  centre  of  the  seape- wheel  and  the  oentre  of  the 
verge)  though  in  the  model  ijt  U  not:  but  m»y  be  made  so  or . 
not,  as  best  suits  the  calliper,  &c« 

*^  The  8cape*wbeel  a^  with  the  tooth  1 »  is  acting  on  the  r 
lever-pallet  b>  and  has  wound  up  the  springe :  the  verge*p^let 
D  (tnrning  the  way  represent  by  the  arrow)  the>  moment  it 
comiQs  within  the  reach  of  the  lever-pallet^  the  discharging 
pallet  £,  taking  hold  of  one  prang  of  the  fork^  removes  the 
arm  y,  and  relieves  the  tooth  3  irom  the  convex  partof  ]^e 
lock  a.    The  wheel  goes  forward  a  little,  jusi  sufficient  to  peiu 
mit  the  lever- pi^Iet  to  pass,  while  the  other  end  gives  tjie  itn*> 
pulse  to  the  balance:  tne  looth  4  of  the  ^h^  i^  l)hen  looked  an?* 
the  concave  eiide  of  the  lock  &,  and  tlie  lever»pallet  is.  stopped 
against  the  tooth  5,  as  in  fig.  11.  So  far  the  oper^tion.of  giving 
the  imfKalse,  in  order  again  to  wind  the  reiDoint<Hire-i9pring  (the 
other  paUet  at  t,  in  the  return^  removing  the  arm<F  the  cos^ 
trary  direction  >,  relieves  the  tooth  5  from  the  lock  b.    The 
wheel  again  goes  forward^  ahnost  th^e  whole  space,  from  tooth 
to  toothy  winds  the  spiral  sfitrinff  again,  and  comies  into  the 
sitiiiatip9  of  fie.  1,  imd  thus  the  wh^performniK^  is  c<H9pleted. 
The  end  of  the  lower  pallet  b  restinjg  on  the  point  of  the  tooth 
I,  prevents  the  wheel  everting  its  fuU  force  on  the  lock  ^,  as  in 
%,  1.    The  same  effect  is  produced  by  the  pallet  lyixi^  on  the . 
toptib  5f  by  pteji^enting  the  wb^el  from  i^ressing  on  b  i  and  thus 
the  locking  becomes  the  tightest  possible.    This  scapement: 
may  be  inuph  ^plifi^  by  .putting  ^  spring  with  a  ^llet  made 
in  it,  as  in  fig.  12,  mi^tead  of  th?  lever-pallet,  and  spiralrspring,; 
The.operiition  wUl  be  iq  other  respects  exactly  the  same,  avoicU 
ing  the  friction  0f  the  pivots  of  the  levevrpalle^.     This  method 
I  prefer  for  a  pie^tpbe  in  a  state  of  rest)  as  a  clock ;  but  the 
dttadvanitAgfo  from  the  weij^t  of  the  spring  in  differoit  posi* 
tionfi),  is-obvipiis.  The  leckug  may  be  on  any  two  teeth  of  th^ 
wbeely  2ia  may  be  found  most  convenient.^ 

Af iany  other  ingenious  scapemeots  have  been  pontrived  by 
Hai^riMon^  Hiadley,  EUicott,  Lepaute,  LeRoy,  Berthoud,  A^^- 
9old>  Whitehurst,  £af nshaw,  Nicholson,  &c.  But  descriptions 
of  them  would  extend  this  article  to  much  too  great  a  len^. 
What  is  here  collected  will,  we  trust,  furnish  some  insight  into 
the  iiature  of  a  few  of  the  most  approved  scapements. 

SCRSW,  MACHINE  f  OE  MAKiNO.  Mr.  Angus  Mackinnoii,. 
of  Glafigow, has  iiwented  ^machine  for thJB  puipose^  of  whidi 
he  ha$  published  Ihe  following  de($cciption  in  the  Glasgrn 
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Fig.  9,  is  a  plan,  and  fig.  10,  is  an  end  view  of  the  machine 
for  constructing  the  screw, 

AA  is  the  cast  iron  bar,  upon  which  the  die  frame,  bb,  is 
made  to  move,  ccccj  two  strong  springs,  attached  to  the  die- 
frame,  having  rollers,  dddd^  on  each  end,  moving  upon  the 
angular  pariulel  edges  of  the  bar  aa.  e  is  a  frame  for  holding 
the  ctttter ;  the  cover  being  removed  to  show  the  action  of  the 
cutter  upon  the  steel  cylinder,  of  which  the  screw  is  made. 
F,  the  steel  cylinder ;  the  point  of  the  cutter  (which  must  be 
adjusted  to  an  angle,  varying  according  to  the  pitch  of  thread- 
wanted)  is  seen  prcgecting  from  the  i^ame  e,  being  pressed 
forward  by  the  screw  o.  One  end  of  the  cylinder  f,  acts  upon 
the  centre  in  the  head-stock  i.  The  ioumal  upon  the  other 
end  of  the  cylinder  works  into  the  steel  collar  v.  kkkk,  four 
small  screws  for  pressing  forward  the  springs  cccc.  Ill  I, 
four  small  eyes  in  the  die-frame,  to  which  cords  are  attached, 
passing  over  the  pulleys  mm  m  ni;  weights  being  hooked  on 
at  the  other  ends  of  the  cords,  sufficient  to  overcome  the  fric- 
tion of  the  die-frame,     n,  the  handle  to  turn  the  cvHnder.     ' ' 

In  the  beginning  to  make  the  screw^  the  two  weights  to  the 
left  are  hooked  on  to  the  ends  of  the  cords,  and  the  cylinder  is' 
turned  round  by  the  handle,  umtil  the  cutter  traverses  the' 
length  of  the  cylinder,  when  the  weights  are  removed  to  the 
cords  on  the  right  hand.  By  continuing  this  operation  alter- 
nately fVom  right  to  left,  an  original  and  perfect  screw  is  prb- 
dUeed^  as  exhioited  in  fig.  11.  In  the  end  view  of  the  machine, 
%.  10,  oo  represents  one  of  the  feet  by  which  it  is  fastened  to 
the  bench. 

The  same  letters  refer  to  the  same  parts  of  the  machine  in 
both  fibres  where  those  parts  are  exhibited  • 

Having  obtained,  as  already  described,  one  screwed  cylinder; 
this  is  removed,  and  another  of  the  same  size  is  put  into  the 
machine.  The  same  operation  is  performed  on  it  as  on  the 
last;  but  it  is  not  screwed  to  a  full  thread,  the  sharp  cutter 
being  removed  when  the  spaces  and  threads  are  of  an  equal 
size,  and  a  square  cutter  is  put  in  its  place,  by  means  of  wbleh 
is  obtained  what  is  technically  termed  a  s(][uare  thr^d,  as 
shown  iti  fig.  12.  In  the  same  manner,  a  third  and  a  fourth 
cvlinder  are  screwed,  each  being  successively  a  degree  smaller 
than  the  preceding. 

The  small  frame  holding  the  cutter  is  now  removed,  and 
replaced  with  dies,  a  set  of  which  is  to  be  screwed  with  eaibh* 
of  the  above  cylinders.  When  the  dies  are  to  be  screwed,  they 
arie  placed  in  the  die-frame  with  one  of  the  cylinders  already 
made,  and  pressed  against  it  by  the  screws  g,  ^,  until  they 
^re  fully  screwed.     After  this  they  are  r^laced  with  another 
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cyltncier,  and  another  set  of  dies  which  are  likewise  to  be 
screwed.  The  same  operation  is  performed  with  a  third  and 
a  fourth  set;  (the  first  set  of  dies  only^  having  a  sharp  thread, 
the  other  set  having  square  threads)  ;  after  wnich  they  are  to 
be  tempered.  The  head  stock  is  now  removed  to  the  left,  to 
admit  the  cylinder  of  which  the  perfect  screw  is  to  be  made^ 
tHid  fastened  at  any  required  distance,  the  machine  being  con- 
structed to  cut  a  screw  above  three  feet  in  length. 

The  cylinder  being  placed  between  the  sharp  dies,  which  are 
gentlv  pressed  by  the  screws  g,  g^  is  turned  round  by  the 
handle,  until  the  di&>frame  reaches  the  left  hand  of  the  cylin- 
der; it  is  then  turned  in  the  contrary  way,  and  worked  in  the 
same  manner  as  when  using  the  cutter.  When  a  square  thread 
screw  is  to  be  made,  the  sharp  dies  must  be  removed  after  the 
indentation  is  sufficiently  deep  to  admit  the  square  dies,  which 
are  to  be  substituted  for  the  former;  when  these  have  cut  the 
screw  to  a  considerable  depths  a  smaller  set  of  square  dies  is 
taken  in  succession,  until  the  screw  is  finished. 

N.B.  Figs.  15  and  16  represent  a  small  stock  made  of  steel, 
and  hardened,  for  holding  the  cutter  while  sharpening.  Figs* 
17  and  1 8  represent  an  edge  and  side  view  of  the  cutter* 
Figs.  13  and  14  represent  the  dies. 

Archimxdes^s  screw,  or  the  fTa^r^naiJ,  is  a  machine 
for  raising  water,  which  consists  either  of  a  pipe  wound  spirally 
ronnd  a  cylinder,  or  of  one  or  more  spiral  excavations  lormed 
by  means  of  spiral  projections  from  an  internal  cylinder,  covered 
by  an  external  coating,  so  as  to  be  watertight.  This  screw  is 
one  of  the  most  ancient,  and  at  the  same  time  ingenious,  ma- 
chines we  know,  being  truly  worthy  of  the  name  it  bears,  sup* 
posikig  Archimedes  to  be  the  real  inventor.  Though  simple  i» 
its  general  manner  of  operation,  its  theory  is  attended  with  some 
difficulties  which  could  only  be  conquered  by  the  modem  ana-r 
lysis :  it  was  first  stated  correctly,  as  far  as  we  have  been  able  ta 
ascertain,  by  M.  PiM^  in  \!la% Miii^res  AeV  Academic  Royale 
des  Sciences,  and  afterwards  more  elaborately  by  Kuler  in  JNov* 
Comment  Petropdl.  torn,  5.  Later  attempts  by  Langsdorf  in 
his  Handbuch  der  Maschinenlehrey  and  some  other  authors,  are 
not  to  be  relied  on.  That  the  nature  of  this  curious  machine 
may  be  the  better  understood,  we  shall  first  state  generally^  its 
manner  of  operation ;  and  then  present  a  more  particular  view- 
of  the  calculus  necessary  to  show  the  work  it  will  really  perform, 
and  the  force  required  as  a  first  mover. 

1.  If  we  conceive  thataflexible  tube  is  rolled  regularly  about 
a  cylinder  from  one  end  to  another ;  this  tube  or  .canal  will  be 
a  screw  or  spiral,  of  which  we  suppose  the  intervals  of  the  spires 
or  threads  to  be  equal.    The  cylinder  being  placed  with  its 
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axis  in  a  vertical  position^  if  we  put  m  «t  the  upper  end  ct  Uie 
spiral  tube  a  tinall  ball  of  heavy  matter^  which  may  move  freely, 
it  is  eertoiti  tibat  it  will  follow  all  the  turniDgs  of  the  screw  from 
die  top  to  the  bottom  of  the  cylinder,  descending  always  as  it 
would  have  done  had  it  fallen  in  a  right  line  along  the  a%is  of 
the  cylinder,  only  itwould  occupy  more  time  in  running  through 
the  spiral.  If  the  cylinder  were  placed  with  its  axis  horizon- 
tally, and  we  again  put  the  ball  into  one  opening  of  the  caiialy 
ft  will  descend^  following  the  direction  of  the  first  demi-spire ; 
but  when  it  arrives  at  the  lowest  point  in  this  portion  of  the 
tube  it  will  stop.  It  must  be  remarked  that,  thdugh  its  heavi- 
ness has  no  other  tendency  than  to  make  it  descend  in  the  demi-* 
sqpire,  the  oblique  position  of  the  tube,  with  respect  to  the 
mrizon,  is  the  cause  that  the  ball,  by  always  descending,  is. 
always  advancing  from  the  extremity  of  the  cylinder  whence  it 
commenced  its  motion,  to  the  other  extremity.  It  is  impbssiUe 
that  the  ball  can  ever  advance  more  towards  the  further,  or  a» 
we  shall  call  it,  tlie  second  extremity  of  the  cylinder,  if  the 
cylinder  placed  horizontally  remains  always  immovable :  but 
ii,  when  the  ball  iff  arrived  at  the  bottom  of  the  firiit  demi^^pire, 
we  Ctfose  the  cylinder  to  turn  on  its  axis  without  changing  the 
position  of  that  axis,  and  in  such  liianner  that  the  lowest  point 
of  the  demiHEipire  on  which  the  ball  presses  becomes  elevated, 
then  the  ball  falls  necessarily  from  this  point  upon  that  which 
succeedsy  and  which  becomes  lowest ;  and  since  this  second 
point  is  more  advanced  towards  the  second  extremity  of  the 
cylinder  than  the  former  was,  therefore  by  this  new  descent  the 
Mil  will  be  advanced  towards  that  extremity,aad  so  on  through- 
out, in  such  a  manner  that  it  will  at  ieng^  arrive  at  the  second 
extremity  by  always  desomding,  the  cylinder  having  its  rotatory 
motion  continued.  Moreover,  the  ball,  by  constantly  following 
its  tendency  todeseend,  has  advanced  throiugh  a  right  line  equiu 
to  the  axis  of  the  ej^mder,  and  this  dbtance  is  horisontal,  be- 
cause the  sides  of  tms  cylinder  were  placed  horizontally**  But 
if  the  cylinder  had  been  placed  oblique  to  the  horizon,  and  we 
suppose  it  to  be  turned  on  its  axis  always  in  the  same  directioD, 
it  IS  easy  to  see  that  if  the  first  quarter  of  a  spire  actually  de* 
se^ds,  the  baU  will  move  from  the  lower  end  of  the  spiral  tube, 
and  be  carried  solefy  by  gravity  to  the  lowest  point  of  the  first 
demi-sptve,  wbere^  as  in  the  preoeditig  case,  it  will  be  abandoned 
by  this  point  as  it  is  eleivatea  by  the  rotatioa,  nand  thrown  by  ite 
heaviness  upon  that  which  has  taken  its  place:  whence,  as  this 
Mceeeding  point  is  inrther  advanced  towards  the  second  ex- 
tremity ei  the  cylinder,  Aan  that  which  the  ball  occnpiedjusft 
before,  and  consequently  more  devttted ;  ;therefore  the  beU 
whHe  follownig  ite  toideney  to  descend  by  its  bewFinete,  will  be 
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dl^ays  moreatid  more  elevated  by  tittup  of  the  rotatitmbf  (he' 
cj'liiider.  Thus  it  will,  after  a  certain  ftBrmbdt  of  turns,  be  ad- 
vanced frotn  one  extremity  of  the  tobe  to  the  bthet*,  or  through 
the  whole  length  of  the  cylinder  t  but  it  will  only  be  raised 
tJirough  the  vertical  height  determined  by  the  obliquity  of  the 
position  of  the  cylinder. 

Instead  of  the  ball,  let  trs  now  consider  water  as  entering  by  the 
lower  extremity  of  the  spiral  canal,  when  immersed  iti  a  reser- 
voir :  this  water  descends  at  fitst  ifl  the  eainal  solely  by  its  gra- 
vity ;  but  the  cylinder  being  turned,  the  water  nioves  on  in  th* 
canal  to  occKpy  the  lowest  place ;  and  thus  by  the  cOntintial 
rotation  is  made  to  advance  further  arid  further  in  the  spiral^ 
till  at  length  it  is  raised  to  the  upper  extremity  of  the  canal 
irhere  it  is  expelled.  There  is,  however,  an  essential  diiFerence 
between  the  watei*  and  th6  ball :  for  the  water,  by  reason  of  'M 
fluidity,  afte^  having  descended  by  itsf  heavitiess  to  the  loweit 
point  of  the  demi-spire,  rises  op  on  the  contralry  side  to  tb^ 
original  le\'el ;  oh  which  account  mote  tharl  half  onef  Of  th^ 
spires  may  isoon  be  filled  With  the  fluid.    Thiisi  is  an  important 

S articular.  Which,  though  it  need  not  be  regarded  in  a  popnlat 
lustration,  must  be  attended  to  in  the  itiof e  pcmicular  ejtbibv- 
tioh  of  the  tbeory  to  which  We  nOw  pro<5eed. 

$.  The  most  simple  method  of  tmcHttg  a  iic5rew  ot  a  helist 
upon  a  <nrlinder  is  well  known  to  be  this :  take  thfe  height  oir 
length  of  a  cylinder  for  one  leg  of  a  right-ahffled  triangle^  and 
make  the  other  kg  equal  to  as  many  times  we  drcamferetice 
bf  the  base  of  the  cylinder,  st»  th^  screiv  is  to  make  iDOnvolutionft 
Ikbont  the  cyKikler  itself;  tbett  if  this  triangle  be  enVek^yed 
about  the  surface  of  the  solid,  the  iW&hgA  being  made,  the  one 
to^Iie  parallel  to  the  axis  of  theeylmdei*^  the  other  to  fold  upoil 
the  circumference  of  its  base,  the  hypothenuse  will  form  the 
contour  of  the  screw.  Suppose  therefore  here,  that  upon  th^ 
<<yRttder  Aiicn  (fig.  6^.  pi.  XXIV.)  w^  have  rolled  the  right- 
angled  triat)^^  BDE,  and  thbt  its  hy^l9ieiittse  tHe;  trades  npoA 
the  cylinder  the^  Contour  of  the  helix  or  the  spikes  bf,  a^,  Bed. 
Then  if  a  tub^  be  fbrmed  according  to  the  dite<:%ion  of  thin 
spiral,  and  ft  ^malll  ball  put  into  it,  if  the  cylinder  Were  platieA 
iiprigbt^  the  ball  wOuM  roll  to  the  bottom  with  the  sfoiM  velo. 
city  and  the  ssme  force,  as-  it  wonld  have  desi^eDded  cvpoh  the 
plane  nE,  if  be  were  horizontal  and  nn  vertrcat.  But  if  th<fr 
eylihder  be  incStted  until  it  makeawith  the  Vertical  Clan  afngte 
ACL  equal  to  the  angle  bed,  or  the  angle  which  the  threads  of 
the  screw  make  eon^antly  with  the  base  of  the  cylindet,  in  that 
ease  de  will  be  parallel  to  tbe  horizon ;  and  wbether  the  i^reft 
be  few  or  mattyj  they  wilt  att  be  parallel  to  the  horizon :  ^  thtit 
theri^  bdng  hothihg €6  ocdssion  the  ball  t  to^move  tlowm-d  dA^er 
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o  or  H,  it  will  remain  immoveable,  supposing  the  cylinder  to  be 
at. rest:  but  if  the  cylinder  be  turned  on  its  axis  m  one  direc- 
tion, the  ball  (abstracting  from  friction)  will  move  the  contrary 
way,  in  conformity  with  the  first  law  of  motion. 

3.  The  inclination  acl  3c  bed  which  we  have  just  assigned 
is  the  least  we  can  give^  so  that  the  ball  shall  not  descend  of  it- 
self: but  if  we  augment  this  inclination,  or  make  the  angle  lac 
smaller,  then  by  turning  the  cylinder  in  the  direction  cmd,  the 
ball  will  always  have  a  descent  on  the  side  towards  h,  and  will 
mount,  so  to  speak,  by  descending.  The  reason  is  very  simple : 
the  plane  which  carries  it  makes  it  rise  more  in  consequence  of 
the  rotatory  motion^  than  it  descends  by  virtue  of  the  force  of 
gravity. 

4.  There  are  several  methods  of  determining  the  ratio  of  the 
weight  of  the  ball  p  to  the  force  f,  necessary  to  make  it  rise  by 
turning  the  screw.  The  following  is  perhaps  the  most  simple : 
the  force  or  power  is  to  the  weight  elevated,  as  the  vertical 
4ipace  passed  over  by  the  weight,  is  to  the  space  passed  through 
by  the  power  in  moving  it.  Here  the  vertical  space  is  cl, 
and  if  the  moving  force  act  at  the  circumference  of  the 
.cylinder,  the  space  passed  over  by  that  force  will  be  equal 
to  as  many  times  the  circumference  of  the  cylinder's  base^ 
as  there  are  convolutions  of  the  helix :  thus  we  shall  have 

B£  •  CL  •  .  F  .  F.  <  < 

Example,  Let  the  diameter  ab  of  the  cylinder  be  14  inches, 
the  vertical  altitude  cl  s  12  feet  or  144  inches,  and  12  the 
convolutions  of  the  spiral,  the  cylinder  being  so  placed  that  the 
angle  lac  is  less  than  bed  ;  the  weight  to  be  raised  being  a 
48iD.  ball.  Then  the  circumference  of  the  cylinder  will  be 
nearly  44  inches,  and  the  12  turns  equal  to  12  x  44=s528=be. 
Hence  we  have  528  :  144  :  :  p  :  f  :  :  4S  :  IS-flbs.  the  measure 
of  the  requisite  force  at  the  surface  of  the  cylinder.  If  the 
moving  force  describe  a  circle  whose  diameter  is  3  times  that  of 
the  cylinder,  or  act  at  a  winch,  whose  distance  from  the  axis  of 
motion  is  21  inches,  that  force  will  then  be  reduced  to-f  of  IS^- 
or  4^1bs.  which  is  less  than  -s-'^  of  the  weight  of  the  ball.  The 
friction  upon  the  pivots,  &c.  is  not  here  considered. 

Thus  it  appears  that  Archimedes's  screw  may  be  used  for 
other  purposes  than  raising  of  water.  It  might  be  adapted  with 
advantage  in  raising  cannon  balls  from  a  snip  to  a  wharf;  and 
with  the  addition  of  a  bevel-wheel  or  two  and  their  pinions, 
might  be  worked  by  either  men  or  horses. 

5.  The  helix  formed  about  a  cvlinder  is  a  curve  similar  in  all 
its  parts :  that  is,  all  the  demi-spires,  as  aic,  cr,  rs,  are  similar 
ana  ecjual;  is  is  also  the  same  of  the  thirds,  the  fourths,  &c.  of 
the  spires>and  generally^of  all  the  equal  portions  of  the  curve« 
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But  when  the  cvlinder  is  inclined,  if  we  refer  all  the  points  of  a 
demi-spire,  sucn  as  aic,  by  perpendiculars,  to  the  horizontal 
section  of  the  cylinder  (which  section  is  elliptical,  though  re- 
presented in  fig.  7.  pi.  XXIV.  by  a  riffht  line  ad  to  prevent 
confusion  in  the  diagram)}  we  shall  find  that  this  demi-spire  has, 
with  regard  to  the  horizontal  plane  ad,  a  highest  point  £,  a  low- 
est point  e',  and  a  mean  point  i.  in  order  to  become  acquainted 
witn  the  efiect  of  the  screw  in  raising  water,  it  is  important  t6 
determine  these  three  points. 

6.  The  miean  point  i  is  a  point  of  inflection  very  easy  to 
determine.  To  this  end  put  the  diameter  ab  =  Sr,  the  half- 
circumference  AMB  =  Ct  the  abscissa  ap  ==  t,  the  indeter- 
minate arc  AM  =  5,  the  ordinate  me  of  the  spiral  =  ^,  and 
the  height  bc  of  a  demi-spire  =  h.  Hence,  since  we  may  con 
sider  the  demi-spire  aic  as  having  been  formed  by  the  h  jpo- 
thenuse  of  a  right-angled  triangle,  one  leg  of  which  is  equal  to 
the  haltlcircumference  amb,  and  the  other  equal  to  the  line 
BC,  we  have  this  proportion,  amb  :  bc  :  :  am  :  aie,  or  c  :  h 

:  :  s: y;  whence, s  =  SL^  the  fluxion  of  which  is  ^   =  ^- 

But  by  the  nature  of  the  circle  s  =7p^r?);80that;;7^^3^j 
=:  3.  Therefore,  following  the  usual  method  for  points  of  in- 
flexion, by  taking  the  second  fluxions  and  supposing  x  constant, 

•  • 

we  have  ■  _^->  =  y  =0,  which  gives  x  =:  r,  and  indicates 

that  the  point  of  inflexion  i  is  in  tlie  middle  of  the  demi-spire 

AIC.  .  ^ 

7*  To  find  the  highest  and  lowest  points  £,  e',  in  addition  to 
the  characters  before  used,  put  bd  =  a,  and  ad  c=y:  we  have 

from  the  foregoing  article  ^  =:^,and  the  similar  triangles  abd^ 
apf,  give  ab  :  bd  : :  AP  :  PF,  or  3r :  a : :  x:  -^  =  pf.      There- 


j»  hs        ox 

fore  EF  n  PE  —  PF  =  -—  —  —-.  for  since  we  consider  pm  as 
perpendicular  to  pb,  it  follows  that  me  and  pe  will  be  equal, 
and  consequently  pe  =:  — .     The  similar  triangles  abd,  efg^ 

^    ^  hi         ax ,   2hr9        ax 

give  AD  :  AB  :  :  ef  :  eo,  or,/:  »^  :  :  —  -  aT'  tf  ""  /  *" 
EG.    This  value  of  eg  ought  to  be  a  maximum ;  its  fluxioQ, 

therefore,  that  is,  -^  —  ^  =  0.    But  from  the  nature  of  the 

circle  we  have  s  zr         _  Substituting  for  s  in  the  pre- 

ceding equation  this  vdue  of  it,  and  reducing,  we  soon  find  x  ± 
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r  ±  —  i/  (fl^c^—  4A*r^).      Of  these  two  values  of  ^r,  the  lower 

deleriQine3  the  value  ap  corresponding  to  the  highest  point  m  ; 
the  uppei'  shows  the  value  af'  corresponding  to  the  lowest 
point  e'. 

8.  Through  the  highest  point  £  having  drawn  the  horizontal 
plane  £o,  this  plane  will  cut  the  demi-*splre  cos  in  the  point  o 
(fig.  8.  pL  X  AlV.),  thus  determining  the  arc  eco  which  carries 
water,  or  as  it  is  sometimes  called  the  hydrophorous  arc;  for  all 
the  ppints  of  this  arc  being  below  the  points  e,  o^  and  these 
two  points  being  in  the  level  of  the  surface^  the  water  will  bp 
in  equilibrio  in  that  arc.  To  find  the  ^lagnitude,  and  of  consc* 

auence  the  qwantity  pf  water  carried  by  an  hydrophorous  arc, 
le  diameter  of  the  tube  which  forms  the  screw  being  ^iven,  it 
is  evident  that  we  have  only  now  to  determine  the  point  o  or 
extremity  of  the  arc  eco,  the  other  extremity  having  been 
found  bv  the  preceding  article.  In  order  to  this,  denote  ab, 
BD,  by  the  same  letters  as  before;  the  variable  abscissa  BQby  s^ 
^nd  its  arc  bn  by  ^  :  the  line  ef  (found  as  in  art.  7.),  or  its 
equal  or  put  =  e.     Then  the  similar  triangles  abd^  aqr, 

give  AB  :  BD  : :  Aa  :  ftR,  or  2r  :  a  :  :  gr  -  z:  '^^Z' ^^  ^   qr  : 

t)|erefore qo  cr  ^"^J^  +  ^-  Now,  by  the  property  of  the 
sprew,  we  have  amb  :  bc  : :  ambn  :  no,  ot  c  i  k:x  c  +  si 
-_J: — =  NO.      But    QO  and  no  being  two  lines  perpendi- 

.  c 

cular  to  the  base  of  the  cylinder,  and  both  of  them  terminating 
in  the  plane  of  the  ellipse,  or  of  the  cylindric  section  eo,  it 
follows  that  QO  =  NO ;  that  is,  from  what  has  gone  before, 

— —  +  6  = ,  or  — h  A  —  a  —  e^  0.     As  the  re- 
ar     '                  c      '         2r       c 

solutiop  of  this  equation  depends  upon  the  rectification  of  tl?p 
arc  s^  we  can  only  substitute  the  value  of  5  in  terms  of  z,  by  an 
infinite  series  formed  of  ;^  and  its  powers ;  where  the  resulting 
equation  becoming  more  and  more  cpmplex  and  embarrassing, 
as  a  greater  number  of  terms  of  the  series  is  taken,  we  should, 
l^  pursping  it,  be  involved  in  a  very  long  and  tiresome  opera- 
tion :  to  avoid  this  we  shall  have  recourse  to  the  following  table 
calculated  by  M.  Pitot. 

This  table  contains  values  of  the  jarqs  bn  =  s,  cprrespon^Upg 
to  those  of  BQ  =  2,  given  ip  parts  of  the  diameter  ab  =  2r, 
divided  iiito  200  parts.  This  granted,  having  found  by  the  pre- 
ceding article  the  value  of  e,  we  reduce  k  —  a  —  eio  one  number 

oply,  which  let  be  represented  by  n :  then  have  we  -^  +  ^  i;? 

».    J^a^tly,  we  take  in  the  table  different  values  of  x  and  of  the 


ARCHIMEBES'S  SCREW. 


383 


corresponding  arc,  till  we  have  discovered  that  which  renders 

— +  —  equal  to  the  number  n,  or  nearly  so. 

To  find  the  length  of  the  hydrophorous  arc  eco,  having  de* 
termined  the  arcs  am  and  bn,  it  is  proper  to  observe  that,  by 
the  formation  of  the  screw  Tart.  2.),  the  length  of  one  of  the 
demi-spires  aec  is  equal  to  tne  hypothenuse  of  a  right-angled 
triangle,  of  which  amb  =:  r,  and  bc  =s  A  are  the  Tegs :  uius 
the  demi-spire  aec  =  v^  (cc  -f  hk).  If  now  we  put  m  for  the 
known  arc  mbn,  we  may  take  this  analogy,  viz.  AiifB  :  abc 

: :  MBN  :  ego,  or  c  :  V  (c^  +  A*)  : :  »i :  —  ^/  (c^  +  A«)  =  eco, 

and  thus  obtain  the  value  of  the  arc  which  carries  the  water,  or 
of  the  hydrophorus  arc  sought. 

Table  of  arcs  corresponding  to  parts  of  radius  divided  info  100 

equal  parts. 


V^si  9f 

Arcs  10  parts 

Arcs  in  deg. 

Parts  of 

Arcs  in  parts 

Arcs  ill  ileg. . 

radius. 

*  of  radius. 

and  min.     ^ 

radius. 

of  radius. 

and  min. 

1 

1414 

fio  6* 

18     1 

60-B8 

34^54^ 

2 

20- 

11  38 

19 

62-62 

35  54 

3 

24-54 

14    4 

20 

64-31 

36  52 

4 

28-35 

16  15 

21 

65-94 

37  48 

5 

31-72 

18  11 

22 

67-57 

38  44 

6 

34-77 

19  56 

23 

69-17 

39  39 

7 

37-60 

21  33 

24 

70-74 

40  33 

8 

40-24 

23    4 

25 

72-73 

41  25 

9 

42-71 

24  29 

26 

73-73 

49  16 

10 

45-06 

25  50 

27 

75-21 

43    7 

11 

47-30 

27    7 

28 

76-66 

43  57 

12 

49-45 

28  21 

29 

78-16 

44  46 

13 

51-52 

29  32 

30 

79-52 

45  35 

H 

53-52 

30  41 

31 

8Q-90 

46  22 

15 

55*44 

31  47 

32 

82-25 

47    0 

16 

57-30 

32  51 

33 

33-6» 

47  56 

IT 

•  ■ 

59-16 

33  55 

Q.  Example  of  the  calculation  ofofa  hydrophyrms  arc.  For 
ui  example  of  this  kind  of  calculation  for  the  length  of  the  hy- 
drophorous arc  ECO,  let  us  take  the  diameter  ab  =  2r  of  200 
parts,  dieheicht  bc  =  A  ==  80  of  the  same  parts,  bd=  o  =  100 
parts ;  then  Se  .semi-circumference  amb  will  be  nearly  =  ^14 
of  those  parts.  Substitnting^these  values  in  the  expresrion  fl?» 
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r-—  /  (a«c«— 4AV2)  (art.  7.)»  there  results  ap  =  ^  =  13*45 

of  the  same  parts:  and  by  means  of  the  table  just  given,  the 
arc  AM  =3=  Sf  is  found  =  tSS.     Substituting  these  values  of  x 

and  1  in  the  equation  — ^  =  e,  we  find  the  value,  e,  of  ep 

or  RO  =  6-86. 

To  have  at  the  same  time  the  value  of  Bg  =  z,  and  of  the 
arc  BN  which  we  now  call  s ;  these  values  of  a,  A,  c,  2r  and  e 

must  be  substituted  in  the  equation-fl+   '  =  a  —  A  +  ^,  so  as 

*  2r         c 

to  have  ;s  +—  =r  53'72.      By  means  of  the  preceding  table  it 

is  soon  found  that  bq  =z  z  =  21,  and  BN  =  tf  ==66,  very 
nearly. 

Then  to  find  the  arc  mbn,  which  we  have  called  t»,  we 
have  die  whole  arc  ambn  =  314  +  66  =  380,  from  which  de- 
ducting the  arc  am  =  63-3,  there  remains  mbn  =  t»  =  326-7. 
The  length  of  the  demi-spire  aec  =  y''  (c^+h^)  —  32403: 

and  finally  !^  ^(c«  +  hr)  zz  337-13  the  length  of  the  hydropho- 


m 
c 

rus  arc  eco 


10.  The  diameter  of  the  cylinder  of  the  screw  being  given 
with  thai  of  the  tube  which  forms  the  spiral,  and  the  given 
length  of  the  screw,  to  find  the  quantity  qffvater  carried  by  the 
hydrophorous  arcs,  ana  the  height  to  whic^  the  water  is  elevated 
the  inclination  of  the  spiral  being  as  before. 

Let  the  diameter  ab  of  the  screw  be  1  foot,  that  of  the  spiral 
tube  in  which  the  water  is  raised  3  inches,  and  the  length  of  the 
screw  SO  feet.  This  granted,  to  have  the  length  in  feet  and 
inches  of  an  hydrophorous  arc,  say,  as  the  £00  parts  of  the 
diameter  of  the  table :  1  foot  or  12  inches  : :  337*13  before 
found :  £0*2278  inches,  the  real  length  of  the  hydrophorous  arc. 
Every  such  arc  then  carries  a  cylmder  of  water  3  inches  dia- 
meter and  20*2278  inches  long.  Let  us  next  inquire  how  many 
such  arcs  there  will  be  in  the  whole  length  of  Uie  screw,  or  30 
feet.  It  is  evident,  in  the  first  place,  that  every  turn  or  convo^ 
lution  of  the  helix  on  the  arbor  of  the  screw  carries  one  hydro- 
phorous arc :  to  find,  therefore,  the  number  of  turns,  it  must  be 
observed  that  the  height  bc  of  one  of  the  demi-spires  is  in  our 
example  80  parts,  or  the  height  as  of  an  entire  spire  160  parts ; 
the  diameter  ab  of  the  base,  which  is  1  foot,  beinc  200  ot  those 
parts  :  hence  £00  :  12  :  :  160  :  9*6  inches,  the  height  of  one 
spire.  Dividing  the  inches  in  ^^  feet  by  9*6,  the  quotient  gives 
more  than  37n)rthe  number  of  spires;  consequently  there  will 
be  37  hydrophorous  arcs.    The  quantity  of  water  m  ail  these 
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hjjrdropfaorout  arcs  is  ecjual  to  the  quantity  in  a  cylinder  the 
diameter  of  whose  base  is  3  inches,  and  height  =  20*2278  x 
37  =  748-4286  inches,  or  nearly  62\.  feet.  Such  a  cylinder  of 
water  is  easily  found  to  weigh  191*313  lbs.  avoirdupois. 

We  have  now  to  determine  the  vertical  height  to  which  the 
screw  we  Jiave  taken  for  an  example  will  elevate  the  water :  and 
this  may  be  accomplished  very  easily ;  for,  the  triangles  adb, 
BYZ,  being  similar,  we  have  ad  :  ab  : :  by  :  \2^ »  ^6*883  feet 
Finally,  under  this  head,  to  find  the  angle  which  the  arbor  or 
axle  of  this  screw  makes  with  the  horizon^  say,  as  bd  :  ba  :  : 
rad. :  tan.  adb  =  tan.  ybz  the  angle  sought:  thus  the  apgle 
YBZ  is  found  =  63^  2&. 

1 1 .  Computaiion  (^  thejbrce  requisiie  to  turn  the  screw. — 
In  the  example  we  have  taken,  the  weight  of  the  water  con- 
tained in  the  37  hydrophorous  arcs  being  191*313  lb^«  to  find 
the  force  necessary  to  be  applied  at  the  circumference  of  the 
cylinder,  we  must  say,  according  to  the  rule  in  art.  4.  as  37 
times  the  circumference  of  the  cylinder'^s  base  (=  1395*714 
inches)  is  to  the  vertical  height  through  which  the  water  is 
elevated  (=  26  f.  1 0  i.  =  822  inches),  so  is  the  weight  of  water 
(=191*313  lbs.)  to  the  weight  44*14  lbs.  equivalent  to  the 
force  which  must  be  appliea  to  the  circumference  of  the  screw 
to  keep  it  in  motion  when  once  it  has  bqfjun  to  turn.  But  if 
this  force  or  power,  instead  of  being  applied  at  the  circum- 
ference of  the  screw,  acts  by  a  handle  and  winch  at  the  distance 
of  10  inches  from  the  axis  of  the  cylinder,  the  requisite 
force  will  only  be  -^  or  f  of  the  former ;  it  will,  therefore,  be 
26*48  lbs. 

1 2.  CompukUion  of  the  quantity  of  water  which  the  $crew 
will  raise  in  a  ghen  time.~^To  find  the  quantity  of  water  raised 
by  the  screw  proposed  as  our  example,  we  must  know  the  velo- 
city with  which  the  assigned  force  carries  round  the  handle. 
Suppose^  for  instance,  the  handle,  and  consequently  the  screw, 
makes  one  rotation  in  5  seconds,  it  is  very  manifest  the  screw 
will  then  expel  the  quantity  of  water  contained  in  I  h^dix>- 
phorousarc  ui  5  seconds ;  and  in  37  times  5  seconds,  that  is  185 
seconds  or  3™  5%  it  will  raise  a  quantity  weighing  191*S131bs. 
To  find  the  qumitity  rttsed  in  an  hour,  say,asl86 :  SiSOO  (seconds 
in  an  hour) : :  191  313  :  3719lbs.  nearly.  Or,  if  the  quantity 
be  calculated  in  ale  gallons,  it  will  be  found  equal  to  364*62. 
If  the  velocity  with  which  the  handle  is  moved  be  tripled,  which 
it  may  be  without  rendering  the  work  too  fatiguin^^,  the  quan- 
tity raised  will  be  tripled,  and  nearly  1094  gallcHis  will  be  raiaed 
^6  feet  10  inches  in  an  hour.  This  coincides  very  nearlj^  with 
Desaguliers^s  estimate  of  the  water  which  a  man  can  raise  by 
almost  any  hydraulic  engine. 

VOL.  lu  ^  ^ 
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1 3.  Havihg  divAt  tbttH  kfeg  lipdnihi^  diecrty  of  Afdiimecled^s 
screw,  but  little  remains  to  cohJplete  cnir  obsfef  Vatidnd.  It  h 
obvious  froni  what  has  beeii  teinhtk&i,  that  this  screw  Can 
never  raise  water  when  the  angle  Which  the  central  line  of  tbfe 
ispiral  makes  with  the  base  of  the  cylinder  is  largeir  than  the 
lingle  included  between  the  base  of  thecylind^  and  the  horizon ; 
that  h^  it  is  always  necessary  that  Baz  sho^M  be  ^ual  to,  if 
not  greater  than,  bed  (fig.  6.  pi.  XXIV.)  In  practice,  indeed, 
i«  IS  advisable  that  cal  be  between  40**  and  60*^,  and  baz 
-  BED  between  10**  and  ^O*'.  The  mean  of  both  these  is  most 
to  be  recommended. 

Sometimes  Archimedes^s  screw,  instead  of  being  worked  Ly 
men  at  a  winch,  is  turned  by  means  of  float-boards  fixed  about 
the  circumference  of  its  lowet  end,  upon  ^hich  a  stream  of 
water  acts:  if  the  Water  have  a  moderate  fall,  it  will  have 
'Sufficient  efficacy  to  turn  two  screws,  one  abbve  another  ;  the 
top  of  the  lower  screw  and  Ate  bottom  of  the  upper  screw  may 
act  the  one  upon  the  other,  by  means  of  a  wheel  Upon  each 
with  an  equal  number  of  teeth  taking  into  each  other :  in  tlib 
•case  the  upper  screw  will  turn  in  a  contrary  direction  fipom  the 
other,  and  consequently  the  spiral  tube  mUst  be  wound  about 
the  cylinder  in  an  opposite  direction.  A  solid  wheel,  or  a  light 
ivheel  with  a  heavy  rim,  turning  upon  the  middle  of  the  screw 
as  an  axis, will  operatelike  a  fly,and  in  ^om&cases  b^very  useful. 
In  the  preceding  investigations  ho  ii^it^  has  been  taken  of 
the  eflfects  of  the  air  includ^  in  the  spiral :  yet  if  the  spiral  bad 
been  folded  upon  h  coheihslead  cJPa  cyKnderi  or  if  it  hkd  been 
formed  of  a  flexible  tube  of  varying  diameter,  thes^  effects 
would  have  been  important:  some  or  thehi  are  considered  in 
our  account  of  the  spiral  pump.     See  Hydraulic  MacMnei, 
No.  10. 

M.  Cagniard,  formerly  an  ^l^ve  of  the  P6lyt«chiiic  SchboJ, 
has  struck  out  a  very  ingenious  applicatioli  bf  AlrchiWilMi^s 
screw.  He  employs  it  as  bellows,  in  ii  Aiachiiie  which  pr6- 
duces  rotatory  motion  by  means  of  a  reservoir  of  hot'wtotet. 
When  the  screw  is  turned  in  the  directiott  ()f  themmioto  Of  the 
points  which  des^ibed  tbehelices  of  whith  its  thread8Bfe<;ott- 
posed^  the  water  which  bathes  the  lower  exti^iAityofthie  screw 
does  not  rise  in  ife  threads,  but  still  farther  descends  beloW  the 
screw,  being  replaced  by  the  exterior  air  which  escapes  through 
the  orifices  of  these  thi^eads.  Thus  M.  Gagttiard  causes  toe 
air*  to  descend  to  the  bottom  of  a  vessel  full  of  water  of' the 
temperature  of  the  atmosphei'e:  anodifit  ¥^ssel  filled  With 
water  to  1 8Q  or  200^  (of  Fahrenheit)  contams^  feyliiidcr  wMch  is 
.movecrWc  on  its  axis|  and  is  entirely  immer^M  in  the  water  t  this 


?r)ioder  ift  fiupnuhed  irith  aJK^ms  Jn.tbe.4itiectioii  4)f  lU  leaeth. 
he  cold  air  passes  from  die  bottom  iof  the  first  vi^sael  to  uiat 
of  the  secooad,  by  means  of  a  8y{»hoii ;  k  enters  tbe  spouts  of  tbe 
finder,  tbere  becomes  beated,  and  forocs  the  cyKnder  to  turn. 
The  rotatory  modon  of  the  axis  <^tbe  cylinder  is  transmitted 
to  the  axis  of  the  Archimedean  screw,  ahif  the  lootidn  of  tbe 
cylinder  is  continued  solely  by  the  action  of  the  hot  water  upon 
tbe'  atmospheric  air. 

For  various  purposes  to  which  this.  impnosremeiKt  may  be  ap^ 
(died,  see  Hacbette,  TmUe  de  Machinea,  p.  ]149 — 154. 

SHIP  Hkxlc  Macbmery.     See  jSlocs. 

SHOEMAKERS^  ikplbmbnt,  to  enable  them  Jq  imtrk  kt 
a  standing  posture.  Such  an  instrument  baa  been  contrii^  .by 
Mr.  Thomas  Holden  of  Fettfawordi,  Sussex;  aad  its  Inventor 
rewarded  witfa  fifteen  guineas  i^  tbe  Society  of  Arts.  It  re- 
sembles a  standi  such  as  is  used  for  reading  jdesks ;  at  the  top 
of  which  is  a  stnall  block  of  wood,  «Kca\uited  so  ias  toibrm  a 
proper  bed  for  the  last^  and  tbe  moulds  or  instruments  uaed  in 
fliflkifig  boots,  which  are  kept  firm  u|2on  it,  by.a  stirrup  or 
endless  strap.  The  hollow  block  is  joined  into  another  |)iece 
(which  connects  it  16  the  staqd),  so  as  to  admit  jof  .a  v^riical 
motion ;  tand  it  is  retained,  at  any  au^,  in  ithis  motion,  by  a 
circular  catch,  with  notches  formed  in  ito  side,  to  fiisten  it  on 
an  iron  caic^  prqectbig  from  the  lower  piece.  This  lower 
piece  is  shaped  into  a  4small  cylinder  breath,  which  entering 
into  a.  hole  foritod  for  it  (m  the  top  of  the  pillar  of  ti^  stanc^ 
permits  the  faolldw  block  to  be  moved  xauiiid  about^  without 
stirring  the  stand ;  -so  that,  by -the  combinatioa.of  these  two 
mtttions,  it  may  be  placed  in  any  position.  Behind  the  hoUdw 
block,  and 'on  a  level  with  it,  an  h6rizontal  piece  o(  board  is 
supported  by  a  small  pillar,  rising  from  one  of  the  feet  of  the 
stand,  abd  secured  fimsly  by  a  brace  to  the  stand  itself:  ibis 
boHtd  supports  the  tools  sind  inipleiiients  wa&lcid,  ready  at 
hand  for  tiie  workman'^  use. 

The  design;  of  this  invention  istoobvaateithe  necessity  of 
using  that  very  unwholesome  iposture  in  wbich  shoemakers  are 
aecHstomed  to  wodc ;  wMch  compresses  the  iuncsand  bowels 
insndb a mannei^,  as  to-occasion cbrisumption,  inSamniation of 
the  bowels,  and  :a  lilariety  of  other  frightiul  complaints. 

The  efficacy  of 'the  altevatfi<m  of  posture  permitted  by  this^ 
klit(nlm«iit,  which  iSBAbles  the  workman,  to.i^and  at  bis  work,  is 
very  well  pi>oved  4ii;  ^the  case  of  the  inventor  of  it ;  who  ha^ 
produced  a  medicat  eertfficiMJe^  ihat  he  wa«  for  many  years  so 
afflicted  with  bowel  complaints  and  piles,  that  he  wasiunderihe 
necessity  ^fleliviiig  off  bis  tradeepiiirely,  if  heicouldnotioontri^ 

to  WOt^  statiditig ;  abd  that,  sin<iebe  has  mftde  use  of  this  im- 

c  c  2 
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pYement,  his  complunts  are  entirely  temoved,  and  he  is  soini- 
proved  in  flesh  and  countenance,  that  he  ''looks  not  like  the 
same  man  ;*'  and>  for  ^ome.years,  has  had  no  occasion  forme, 
dicine.  He  has  made  many  hundred  pairs  of  sboer  on  this  stand> 
and  recommends  also  its  use,  ''  as  the  quickest  way  of  closing 
all  the  thread  work." 

This  implement  might  be  made  still  more  ample,  by  leaving 
out  the  part  used  to  give  the  hollow  block  a  circular  motion, 
which  does  not  appear  always  necessary,  from  the  facility  which 
the  workman  has,  when  standing  at  it»  to  place  himself  instantly 
at  any  side  of  the  work  he  pleases ;  it  would,  as  appears  to  us, 
be  full  as  little,  if  not  less,  trouble  to  him  to  let  the  instrument 
remain  unmoved,  and  turn  himself  round  instead  of  it,  as  to 
stand  still  while  be  turned  it  about :  though  a  small  quantity  of 
light  confined  to  one  direction  may  in  some  cases  render  the 
increased:  apparatus  necessary. 

A  wooden  vice  of  a  proper  height,  fixed  to  a  stake,  and 
secured  even  by  a  wedge,  if  a  screw  should  be  deemed  ex- 
pensive^ would  also  hold  a  last  in  any  position  required  for  the 
workman* 

Another  contrivance  for  this  purpose  by  Mr.  J.  King^  ba9 
been  lately  recommended  by  the  same  society.  The  macbtne 
consists  of  an  oblong  frame  of  wood  of  two  sides,  with  cross 
pieces.  It  may  be  conveniently  fixed  in  a  situation^  and. at  a 
proper  height  for  working,  by  screwing  down  to  a  window-sill^ 
by  means  of  two  screws,  such  as  are  used  for  bedsteads^ 
1'hese  and  an  iron  bracket,  extending  from  the  front  of  the 
machine,  being  screwed  against  the  wainscot,  support  the  ma- 
chine verv  steadily;  or  a  stand,  consisting  of  proper  legs,  may 
be  used,  if  preferred.  The  external  parts  of  the  machine  are 
covered  with  leather,  so  as  to  become  like  curious  to  support 
the  last,  and  it  is  held  down  by  a  strap,  which  has  a  loop  or 
treadle  at  the  bottom,  for  the  foot.  The  principal  novelty  of 
this  invention  consists  in  a  lever,  which  is  attached  by  an  iron 
link  to  a  wire,  upon  which  it  moves  as  a  centre ;  and  when  that 
is  down  in  its  place,  a  small  point  or  beak  of  iron  enters  into 
holes  made  in  an  iron  plate ;  and  the  other  end  of  the  lever 
comes  to  rest  on  a  stop^  which  has  several  holes  in  it.  The  end 
of  the  lever  has,  also,  a  little  iron  beak,  which  enters  these  holes. 
Thus,  when  the  lever  is  down,:  it  becomes  an  immoveable  cross- 
bar of  the  frame,  and  the  last  maybe  held  or  wedged  in  between 
this,  and  either  slide  of  the  frames  and  held  down  by  the  strapt 
But  to  adjust  the  width  of  the  opening,  on  which  the  last  lies, 
nothing  more  is  necessary  than  to  lift  up  the  lever,  so  that  the 
point  clears  the  holes  of  the  plate,  then  sliding  the  link  alcuig 
the  wire,  to  the  intended  width,  and  shutting  it  down  again,  the 
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beak  or  point  enters  some  other  hde  of  the  plate»  and  hold^ 
the  lever  fast  in  the  new  position,  so  as  to  adapt  it  to  the  width 
of  any  last,  or  to  hold  it  in  any  position,  at  pleasure. 

Mr.  King  observes  that,  at  other  times,  the  last  is  held  down 
by  the  foot-strap  pressing  the  l^ver  upon  it — that  the  machine 
forms  an  universal  vice,  supporting  and  heading  the  last  firmly 
down  upon  the  cross-bar,  in  any  required  position.  Two  stilf 
pieces  of  soleJeather  are  also  fixed  in  the  frame,  which,  in  cer^^ 
tain  positions,  support  the  last. 

SIPHON,     hee  Crane. 

SPIRAL*puMP,  (xt  Zurich.  See  Hydraulic  Engines^ 
No.  10. 

STEAM-ENGINE,  an  engine  originally  contrived  for 
raising  water  by  means  of  the  expansive  force  of  the  steam  or 
vapour  produced  from  water  or  other  liquids  in  a  state  of  ebulli- 
tion. This  has  been  often  called  the  Fire-engine^  because  of  the 
fire  used  in  boiling  the  liquid  ;  but  the  latter  term  has,  of  late, 
been  properly  confined  to  machines  for  extinguishing  fires. 
The  steam-engine  is  justly  deemed  one  of  the  most  curious^ 
important,  and  serviceable  mechanical  inventions,  not  only  of 
modern,  but  of  any  times ;  particularly  when  it  is  considered 
with  regard  to  some  of  its  late  improvements,  which  render  it 
applicable  to  all  kinds  of  mill-work,  to  planing,  sawing,  boring, 
and  rolling  machines,  and  indeed  to  almost  every  put-pose  that 
requires  a  powerful  first  mover,  whose  ^ergy  may  be  modified 
at  the  pleasure  of  the  mechanist. 

'  The  principles  and  manner  of  operation  of  the  steam-engines 
of  Savery,  Newcomen  and  Cawley ,  and  of  Watt,  may  be  under^ 
stood  fi*om  the  following  brief  explanations  and  remains,  which 
are  meant  as  preparatory  to  the  more  detailed  accounts  of 
several  engines  with  which  we  have  been  favoured. 

1.  Let  there  be  a  sucking  pipe  with  a  valve  opening  upwards 
at  the  top,  communicating  with  a  close  vessel  of  water,  not 
more  than  thirty-three  feet  above  the  level  of  the  reservoir,  and 
tile  steam  of  boilinff  water  be  thrown  on  the  surface  of  the  water 
in  the  vessel,  it  will  force  it  to  a  height  as  much  greater  than 
diiity^bree  feet  as  the  elastic  force  of  the  steam  is  greater  than 
that  of  air ;  and  if  the  steam  be  condensed  by  the  injection  of 
cold  water,  and  a  vacuum  thus  formed,  the  vessel  will  be  filled 
from  the  reservoir  by  the  pressure  of  the  atmosphere;  and  the 
steMn  being  admitted  as  before,  this  water  will  also  be  forced 
up;  and  so  on  successively. 

Such  is  the  principle  of  the  first  stean^engine,  said  by  the 
Eoglisb  to  be  invented  by  the  Marqma  of  Worcester ;  while  the 
Flinch  ascribe  it  to  Papin :  though  we  believe  the  feet  is  that 
Branec^  an  Italian,  applied  the  force  oi  steam  ejected  from  a 
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large  eolipile  as  an  kispdling  power  for  a  stAmphig^engine  sd 
early  as  1639.  The  hint  so  obscurely  exhibited  in  the  Marquis 
of  Worcester's  Century  of  inventions  (see  the  word  Woa« 
CESTEK  in  this  alphabetical  arrangement)  was  carried  into 
effect  by  Captain  Savery. 

S.  If  the  steam  be  admitted  into  the  bottooi  of  a  hollow 
i^linder,  to  which  a  solid  piston  is  adapted,  the  piston  will  be 
forced  upwards  lay  the  difference  between  the  elastic  forces  of 
steam  and  common  air ;  and  the  sfieam  being  then  condensed^ 
the  piston  will  descend  by  the  pressure  of  the  atmosphere,  and 
so  on  successively*  Thb  is  the  principle  of  the  steam-engine 
first  contrived  by  Messieurs  Newcomen  and  Cawley^  of  Dart- 
mouths  This  is  sometimes  called  the  atmospherical  engine, 
and  is  commonly  a  fcrcing-pump,  having  its  rod  fixed  to  one 
end  of  a  lever,  which  is  worked  by  the  weight  of  the  atmo* 
sphere  upon  a  piston  at  the  other  end«  a  temporary  vacuum 
being  made  below  it  by  suddenly  condensing  the  steam,  that 
had  been  admitted  into  the  cylinder  in  which  this  pistoQ 
works,  by  a  jet  of  cold  water  thrown  into  it.  A  partial  vacuum 
being  thus  made,  the  weight  of  the  atmosphere  presses  down 
the  piston,  and  raises  theoihci:  end  of  the  straight  lever,  toger 
ther  with  the  water,  from  the  well.  Then  immediately  a  hole 
is  uncovered  in  the  bottom  of  the  cylinder,  by. which  a  fresh 
quantity  of  hot  steam  rushes  in  from  a  boiler  of  water  below 
it,  which  proving  a  counterbalance  for  the  atmosphere  above 
the  piston,  the  weight  of  the  pump  rods,  at  the  other  end  of 
the  lever,  carries  that  land  down,  «Bd  raises  the  piston  of. the 
steam^^eylinder.  The  steam  hole  is  then  immediatdy  shut, 
and  a  GDck  opened  for  injecting  the  cold  water  into  the 
c^lindier  of  steam,  which  condenses  it  to  water  again,  and  thus 
making  a  vacuum  below  the  piston,  the  atmosphere  again 
presses  it  down  and  raises  the  pun^rods,  as  bet^ne;  and  so 
on  continually. 

S.  The  great  features  of  improvement  made  by  Mr.  IVatt 
upon  the  eng^  of  Hmwmm  and  Cawley  are,  as  Mr,  Nichol*- 
flon  remarks,  first,  that  the  elasticity  of  the  steam  itsdf  is  t^ed 
as  the  active  power  in  this  engine ;  and,  secondly,  thait  besides 
various  other  judicious  arrangements  iot  the  econcuny  of  beal^ 
lie  condenses  the  steam,  not  in  the  cylinder^  but  in  a  aepanate 
vessel. 

In  the  cylinder  or  sj^inge,  concerning  which  we  hav«  spoken^ 
in  mentioning  the  engine  of  Newcomen^let  us  suppose  tiusiupwr 
part  tobe  clewed^  and  the  pist^i-rod  to  slide  aiivtight  throu^a 
looUar  of  leathers.  In  this  situation,  it  lis  evident  that  Ae  piston 
might  be  d^ressed  by  throwiiig  the  steam  upon  its  upper  sur- 
free,  tbrovgn  an  aperture  at  i&  superior  end  of  the  cylinder. 
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But  if  we  suppose  the  external  air  to  bare  access  to  the  Ifxwejc 
surface  of  the  piston,  we  shall  find  that  steam  no  stronger  in  its 
eUsticity  than  to  equal  the  weight  of  the  atmosphere  woulc)  not 
m^ove  tfie  piston  at  all ;  and  consequently,  that  this  new  engine 
wauld  require  much  denser  ste^m.^nd  consume  much  more  fuel^ 
than  the  old  engine.  The  ren^edy  for  this  evil  is  tp  maintain  ^ 
constant  vacuum  beneath  the  piston.  If  such  a  vacuum  were 
originally  produced  by  steam,  it  is  certain  that  its  permanency 
could  not  be  depended  on,  unless  the  engine  .contained  a  provi- 
sion for  constantly,  keeping  it  up.  Mr.  Watf  s  contrivance  ia 
his  simplest  engine  is  as  follows;  The  steam  is  conveyed  from 
the  boiler  to  the  upper  part  of  the  cylinder  through  a  pipe^ 
which  also  communicates  occasionally  with  the  lower  part, 
and  beyond  that  space  with  a  vessel  immersed  in  a  troi^h  of 
water ;  in  which  vessel  the  condensation  is  performed  by  an  inr 
jected  stream  of  cold  water.  This  water  is  drawn  o£^  not  by  ai^ 
eductionr-pipe,  but  by  a  pump,  of  which  the  stroke  is  suffidently 
capacious  to  leave  room  for  the  elastic  fluid,  separated  during 
.the  injection,  to  follow  and  be  carried  out  with  the  injection 
water.  Suppose  now  the  piston  to  be  at  its  greatest  elevatiop, 
and  the  communication  from  the  boijer  to  the  upper  as  well  as 
to  the  lower  parts  of  the  cylinder  to  be  opened.  The  ste^in 
will  then  pass  into  the  whole  internal  part  of  the  engine,  a;i4 
will  drive  the  air  downwards  into  the  condenser,  and  thenp^ 
through  the  valves  of  the  ^ir-pump.  In  this  situation,  if  the 
communication  from  the  ipoiler  to  the  lo\jrer  part  of  the  cy^nder 
be  stopped,  and  an  injecjtion  b^  made  |nto  the  condenser,  a 
vacuum  ^ill  be  produced  in  ihat  ves^pl,  and  the  steam  con«»- 
tained  in  the  lower  part  of  the  cylinder  and  communicatioi^ 
pipe  will  expand  itself  wi^h  wonderful  rapidity  ton^ards  the 
condenser,  so  that,  }n  a  period  of  time  too  minute  to  be  apprer 
ciated,  the  whole  of  the  steam  beneath  the  piston  will  be 
practically  condensed.  The  steam  which  .continue^  to  act 
above  tb«  piston  will  imme^l^^ly  depr/oss  it  into  the  yaouum 
beneath :  at  the  same  time  that  by  connexion  witfc  the  ex- 
ternal apparatus  the  piston  of  the  air-pump  also  descends  in  itf 
h^^vdf  Wbeo  the  Sptioke  is  ni^rly  completed  downwards^  the 
requisite  part  of  ttie  apparatus  shuts  the  communication  with 
the  boiler^  open?  that  between  the  upper  aiid  lower  parts  of  the 
cylinder  a»4  qoiKleusiug  yepsel,  and  turns  tbie  iojeai^ai  cock. 
At  this  very  instant  the  piston  loses  its  tendency  to  descend^ 
jbecause  the  steam  pressjSs  equally  on  both  surface^  and  con- 
fiwMgs  W  /equality  pf  pr;ei^»re  whije  tb^  coiwJeasation  U  p^Xr 
formed.  It  therefore  rises;  the  injection  is  stopped;  and  tw 
air-pujnp  making  its  stroke,  suffers  the  injection  wp,ter  and  a 
considerable  part  of  the  elastic  fluid  to  pass  through  ijts  lower 
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vaWe.  The  vacuum  is  thus  kept  up  through  the  whole  internal 
capacity  of  the  engine.  As  soon  as  the  piston  has  reached  the 
upper  part  of  the  cylinder,  the  communication  to  tlie  under 
part  of  tlie  cvHnder  is  stopped,  and  that  with  the  boiler  opened, 
as  before ;  the  consequence  of  which  is,  that  the  piston  again 
descends ;  and  in  this  manner  the  alternations  repeatedly  take 
place. 

The  principal  augmentation  of  power  in  this  engine,  oora- 

Eared  with  that  of  wewcomen,  anses  from  the  cylinder  not 
eing  cooled  by  the  injection  tvater,  from  its  being  practicable 
to  use  steam,  which  is  more  powerful  than  the  pressure  of  the 
atmosphere,  and  from  the  employing  of  this  steam  both  to 
elevate  and  to  depress  the  piston.  In  general,  these  engines  are 
worked  by  steam,  which  would  support  a  column  of  four  or 
five  inches  of  mercury  besides  the  pressure  of  the  atmosphere^ 
and  sometimes  more ;  for  Mr.  Nicholson  says,  he  has  sometimes 
seen  the  gage  as  high  as  eiglit  inches.  Mr.  Watt  has  made 
several  successive  modifications  and  additions  to  the  engine  just 
described,  some  of  which  will  be  further  spoken  of  in  the  course 
of  this  article. 

[n  the  first  edition  of  this  work  there  was  inserted  a  history 
of  the  successive  improvements  in  the  steam-engines  by  Mr.  /.  C*. 
Hornbhwer* ;  instead  of  which  I  shall  now  insert  an  abridg- 
ment of  that  history,  and  of  the  Edinburgh  Reviewer's  reply  to 
it,  as  given  in  the  fiflh  volume  of  the  ^' Retrospect  of  Philoso- 
phical and  Mechanical  Discoveries,"  &c. 

4.  Mr.  Haniblowet^s  account  of  the  Steam-engine.-^AfteT 
remarking  that  it  is  unnecessary  to  dwell  upon  the  early  part  of 
this  history,  already  treated  by  Desaguliers  and  his  followers, 
Mr.  Hornblower  observes,  there  are,  however,  some  particulars 
during  this  period  which  deserve  notice.     One  pf  these  relates 

*  Ai  I  haYG  been  expoied  to  much  calumny  and  miirepreieotation  for  admitting 
that  historic  sketch  into  my  work,  I  beg  to  remark  that  I  did  it  solely  from  motives  of 
benevolence.  Till  the  time  my  second  volume  was  preparing  for  the  press,  I  knew 
nothing  of  Mr.  Hornblower :  but  a  friend  of  mine,  on  whose  judgment  I  placed  great 
reliance,  who  was  well  acquainted  with  Mr.  H.  and  thought  highly  of  his  moral 
character,  as  well  as  of  his  mechanical  skill,  had  a  full  persuasion  that  through  a 
aeries  of  unfortunate  circumstances,  he  had  never  had  justice  done  him,  and  urged  roe 
to  allow  Mr.  Hornblower  to  tell  his  own  story.  I  yielded  to  his  solidtations;  and  in 
consequence  exposed  myself  to  the  malevolence  of  certain  writers,  who  in  one  short 
note  of  ten  lines  {Edim,  Rev.  vol.  ziii.  p.  327),  pablished^r  positive,  wilful  ftlsehoodr, 
ibr  the  honourable  purpose  of  iiyuring  my  reputation.  I  however  foigive  them,  al- 
though^ they  treated  me  unjustly ;  and  trust  they  will  ere  now  have  forgiven  me,  for 
permitting  an  injured  (though  perhaps  hasty)  man  to  defend  his  own  cause,  and  that 
of  hU  fiunily.  He  is  now  beyond  the  reach  of  those  who  wished  to  promote  his  weSfkre^ 
AS  well  as  of  those  who,  by  unfaiily  depreciating  his  character,  involved  him  in  ruin. 
His  hitter  years  were  rendered  comfortable,  not  by  the  liberality  of  his  own  country, 
men,  but  of  an  opulent  and  scientific  'Swede,  ygho  knew  how  to  appreciate  and  to  reward 
)iis  merit  as  an  jeoginecr. 


to  Defi^lierk^s  account  of  the  method  of  leaihering  the  piston, 
in  which  Mr.  H.  thinks  his  has  erred  in  stating  it  to  have  been 
discovered  by  accident.  Another  respects  what  he  says  of  an 
experiment  made  by  Mr.Beighton,  with  a  view  of  ascertaining 
the  comparative  magnitude  of  such  steam  as  was  generally 
used  for  working  an  engine,  in  respect  to  the  quantity  of  water 
from  which  it  was  produced,  and  which  is  stated  to  be  in  the 
ratio  of  18,388  to  1 ;  but  which  Mr.  H.  from  Mr.  Beighton's 
statement,  calculates  at  2,655^  to  1 ;  and  he  considers  even  this 
to  be  more  than  what  may  be  observed  in  some  of  the  most 
improved  engines  of  the  present  time.  He  also  conceives  that 
experiments  of  this  nature  and  date  have  either  been  conducted 
or  related  in  so  loose  and  inaccurate  a  manner,  that  little  de^ 
pendenoe  can  be  placed  upon  the  results. 

Friction  and  inertia  were  at  this  time  considered  as  the  two 
grand  objects  which  the  engineer  had  to  overcome ;  and  some 
difierent  modes  of  condensation  were  tried,  but  without  much 
advantage  being  derived  from  them.  The  water  in  the  piston, 
whenever  it  was  a  tight  one,  became  hot,  and  a  considerable 
degree  of  heat  was  expended  in  its  evaporation.     Several  im- 

Erovements,  however,  were  attempted  in  the  construction  df 
biler^  some  of  which  succeeded,  and  are  still  in  use :  but  tl)e 
Sand  obstacle  was  to  be  surmounted  by  Mr.  Watt.  Previous  .to 
T.  Wattes  improvements,  the  boring  of  the  cylinders  had  been 
executed  in  a  very  imperfect  manner ;  and  in  several  of  those 
engines  in  which  the  water  obtained  from  the  mines  was  used 
for  condensing  the  steam,  this  defect  soon  became  so  much  in- 
creased by  its  corroding  properties,  that  it  was  almost  impos- 
sible to  keep  the  piston  tight,  and  in  some  cases  the  packing 
was  rammed  so  hard  as  to  sustain  the  whole  pressure  of  the 
atmosphere. 

Such  was  the  general  state  of  this  ennne  when  Mr.  Watt 
obtained  his  patent  in  1769,  and  engaged  to  grant  licenses  for 
the  use  of  his  improveid  engines,  on  the  condition  of  receiving 
one-third  of  the  advantage  which  should  result  from  the  saving 
of  fuel  in  working  those  of  his  construction.  Much  of  the 
merit  ascribed  to  Mr.  Watt,  for  the  improvement  in  boring  the 
cylindetii,  Mr.  H.  says  is  really  due  to  Mr.  Wilkinson,  with 
whom  it,  as  well  as  most  of  what  related  to  the  iron-foundery, 
originated.  Tlit  method  of  condensing  the  steam  in  a  separate 
vessel,  is  likewise  said  to  have  been  discovered  by  a  Mr.  Gains* 
lx>rough,  about  the  time  that  Mr.  Watt  was  engaged  in  bringing 
forward  his  improvements,  and  communicated  to  Mr.  Watt  .by 
an  officious  acquaintance  of  Mr.  Gainsborough. 

An  attempt  had  been  made  before  this  time  to  drain  some  of 
the  deep  mines  of  Cornwall,  by  a  new  application  of  Savery'^s 
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engine,  furnished  with  an  amntnitus  fcir  ppie»i9g.9ad  dbtfttiog 
the  usual  eoBamuDications  vy  means  of  cocks  and  yalv^s»v  In 
this  application  it  was  proposed  to  emplojr  tbi&  force  of  8t«»in 
expansively,  with  a  stratun^  of  air  between  it  and  the  wateri  to 

Srevent  its  condensation ;  and  Mr.  Blakey  obtained  a  ptitentfca: 
is  improvements :  but  one  of  the  stesm-veiisels  bursting  before 
the  steam  had  attained  a  suffici^it  power  Sor  the  intended  pur- 
pose^  showed  the  impracticafaality  of  the  scheOdfi)  wd  it  was 
abandoned. 

Mr.  Homblower  thinks  that  those  who  have  attempted  to 
estimate  the  defects  of  Newoomen's  en^ne  have  erred  in  stating 
the  vacuum  to  be  such  only  as  would  cause  a  weight  to  be  raised 
of  about  7^  pounds  for  every  squam  in^  of  the  pistiHi;  and  says 
that  the  column  of  water  alone  was  equal  to  that  weight*  indler 
pendent  of  both  frieticHi  and  inertia,  which  were  very  oonfflder- 
able ;  he  also  adds,  that  he  tried  the  vacuum  of  several  engines 
in  Cornwall,  and  found  that  which  was  least  to  hear  a  load  of 
11-6  pounds  on  the  square  inch.  Another  error  has  been  comr 
raitted  with  regard  to  the  purport  of  the  counter-weight  attached 
to  the  outer  end  of  the  lever,  which  has  been  stated  to  be  enii- 
ployed  to  overcome  part  of  the  pressure  of.  the  atjoaospb^e  ait 
the  return  of  the  stroke  of  the  en^ne :  ^^  that  i9  not  th^  casfi^ 
It  is  used  for  the  purpose  of  reguhSing  the  sneed  of  the  engine^fs 
working,  and  both  the  weight  and  the  end  of  the  lever  on  whifsh 
it  is  placed  u*e  to  be  yaried  by  the  attendant  a^ccording  to 
cireumstaaoes ;  the  three  principal  of  these  that  ri^quire  io  be 
attended  to  in  this  regulation,  are,  ^^  first,  that  the  puo^p- 
buckets  shall  descend,  but  without  such  force  as  m^y  endanger 
the  breaking  of  the  pump-rods.;  secondly^  that  this  descent  shall 
nevertheless  be  as  quick  as  poasiUe :  hut,  thirdly,  thait  it  ^all 
not  impede  the  discharging  functions  of  the  engine*^  With 
respect  to  the  applicatioa  of  steam,  the  old  atmospheric  ^aeine 
possesses  one  advantage  which  Mr.  Wattes  single  efigine  does 
not  admit.  In  pumping  water  from  mines,  it  is  nepessary  thait 
the  speed  of  the  engine  should  be  r^ulated  according  to  the 
influx  of  the  water ;  and  in  the  old  engine  this  is  effect^  by 
merely  regulating  the  intensity  of  the  fire,  as  by  this  me^ns  tli^ 
force  o{  the  steam  on  the  lower  side  of  Uie  piston  may  be  viNcied 
from  an  equilibrium  with  the  pressure  of  the  atmpsj>bere  to 
exceed  it  by  two  pounds  on  each  squane  inch  of  the  piston, 
which,  in  a  cylinder  of  60  inches  in  diaucieter^  amounts  to  a 
force  of  7000  pounds.  This  advaatage>  bowev-er,  reliM;es 
only  to  the  working  of  pumps;  fi>r  since  ks  application  ^  tb^ 
purposes  of  giving  motion  to .  mill-work,  it  has  b^n  a  desi- 
deratum to  maintain  a  uniform  force  or  action  on  the  crank*  in 
order  to  produce  the  same  effect  on  the  fly^     Wl^n  the  0igioe 


waa  first,  applied  £br  the  p^rfxiseiof  fHrodiH^ng  rolie^tive  ipptba, 
it  bad  not  the  advantage  of  a  doul^le  8trake,  as  at  nreeeot ;  ax^ 
the  mode  of  dualizing  the  strokes  wa^  by  a  rod  which  cqqt 
iie0ted  the  engine  and  the  mill  together,  ox  a  weight  laid  on 
that  ^nd  of  the  l^ver.  This  mode,  when  applied  to.  ;the  old 
engine,  required  that  the  work  to  be  perfonoea  by  it  was^  nearjiy 
of  an  nniform  nature  during  the  tiine  of  its  action.  J^ut  Mr. 
Watt  accommodated  this  circumstanpe  in  his  single  engine  by 
rendering  the  discharge  constant,  and  not  liable  to  be  affected 
by  any  variation  in  the  resistance,  and  checking  the  entrance  of 
steam  1^  a  cpntrivance  that  prevents  the  plenum  valve  froo^ 
opening  to  its  greatest  extent.  The  6v^  notice,  however^  of  a 
rotative  motion  being  communicated  by  the  steam^en^ne,  was 
about  the  year  1778,  when  Mr«  Washbrougji  obtained  a  patent 
for  that  principle,  and  applied  it  at  bis  own  works  for  turning 
lathes  and  other  purposes. 

The  valve  by  whidi  the  air  is  dischar^d,  and  called  the 
blowing  valvp,  Mr.  H.  says,  was  not  applied  to  any  of  Mr* 
Watt's  engines  pr0vio,Ms  to  his  going  into  Cprnwa)!,  as  before 
that  time  this  qp^ation  was  usually  performed  by  a  temporary  * 
brake  attached  to  the  discharging  pump.  This  valve  jvas  first 
applied  by  Mr.  Hornblower  at  an  ei^ne  on  a  mine  called  Ting 
Ton^  which  he  erected  for  the  proprietors,  ^nd  not  for  Messrs,. 
Boulton  and  Watt,  as  has  been  stated. 

The  most  novel  circumstance  in  the  weration  of  Mr.  Watt^ 
single  engine^  and  which  ^  a  fine  accompaniment  .of  the  im- 
prover's principal  object,  is, that  when  the  steam  basketed  qn  thf^ 
piston  to  the  limits  of  the  stroke,  k  is  permitted  to  re-enter  the 
cylinder  below  ^the  piston.  ^^  It  generally  happens  in  engine 
erected  for  jHUuping  WAter,  that  they  ^re  caJcuiated  tp  go  deeper 
thsn  tlie  present  bottom  of  the  mine;  and  there^re,  if  all  the 
steppn  which  ei^jLers  the  cylinder  for  one. stroke  was  to.be  cofih 
denjsed,  the  engine  would  act  with  its  whole  power,  and  th$  e^^t 
wpuld  be  tp  destroy  itself:  on  inr^^ich  account,  in  engines  thM$} 
ciipujonstanced,  the  injection  i^  to  be  stopped  Jpng  oefore  the 
^ei^iif^tion  of  the  stroke  which  leayes  a  jresiduaiaii  ,of  jrtQ9^  ^ 
the  jbottom  of  the  jcy Under,  that  proves  ai^  effeptu^  banlgu^  4)0 
the  piston;  even  sp  far  as  to  support  it  when  tbephain^  to  whicjli 
it  is  fppiended  have  bjecome  quite  slack  by  tbemofi^eutpm  giv^ 
to  the  lever  during  the  action  of  the  steam  on  the  piston.  We 
believe  it  Was  this  circumstance  that  hidicated  to  Mr.- Watt  the 
a4Tantag^  pf  shuttjiig  off  the  steam  fr^m  the  boiler  ado^  after 
the  commencwuent  of  the  «tnoke." 

As  the  valve  which  nrast  be  o{]|ened  at  each  succeeding  stroke 
of  the  engine,  in  order  to  secure  its  action,  is  kept  dpwn  by  a 
weight  equal  to  tfie  pressure  of  the  atmosphere,  added  to  the 
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elasticity  of  the  steam  above  that  pressure ;  and  it  is  necessary 
that  this  valve  should  be  opened  as  quickly  as  possible;  in  large 
engines  it  requires  a  considerable  force  to  efiect  it  in  such  a 
manner  as  not  to  impede  the  performance  of  the  engine.  Mr. 
Hornblower  says  that  it  was  susfgested  to  Mr.  Watt  to  make  the 
valves  double,  by  placing  a  smaTlone  in  the  middle  of  the  larger^ 
and  it  was  adopted ;  but  the  difficulty  of  keeping  them  ih  com- 
plete repair  caused  the  method  to  be  given  up.  In  all  the  best 
engines,  a  weight  or  spring  was  applied  for  the  purpose  of 
opening  this  valve.  But  Mr.  Jos.  Hornblower  is  said  to  have 
constructed  this  valve  on  a  new  principle,  in  order  to  effi^t  this 
purpose  more  completely ;  and  his  mode  is  here  preferred  to 
any  that  had  been  previously  in  use. 

Such  was  the  state  of  Mr.  Watt'^s  improvements,  and  of  his 
nngle  engine,  when  new  wants  gave  rise  to  new  inventions. 
Some  of  the  Cornish  miners  wished  to  carry  their  works  to  a 
jmater  depth  than  could  be  conveniently  done  by  the  engines 
tnen  in  common  use,  and  Mr.  Watt  invented  his  double-stroke 
engine.  In  the  single  engine,  the  piston  is  connected  to  the 
lever  by  chains  lying  on  the  arch  of  the  inner  end,  but  in  this 
it  must  be  connected  by  a  mode  that  will  render  the  rod  rigid  iti 
its  action  upward ;  and  this  Mr.  Watt  has  effected  by  a  most 
ingenious  system  of  transverse  joints,  which  compels  the  rod  to 
a  motion  parallel  to  itself.  At  the  other  end  of  the  lever  a  rod 
connects  the  motion  of  the  engine  to  a  fly,  by  the  application  of 
one  wheel  fixed  on  the  axis  of  the  fly,  and  another  on  the  rod 
that  is  connected  to  the  lever.  But,  as  simplicity  is  always  a 
desideratum  in  the  construction  of  machinery,  Mr.  Hornblower 
gives  the  preference  to  a  simple  crank  with  a  fly  of  such  weight 
as  may  have  the  required  momentum  with  a  less  velocity. 

A  patent  was  taken  out  in  1781,  for  an  improvement  on  Mr. 
Watt's  single  engine  by  Mr.  Jonathan  Hornblower  of  Penrhyn. 
This  improvement  consisted  in  obtaining  a  greater  power  by  a 
a[>mplicated  force  of  the  steam  than  couid  be  obtained  by  its 
simple  action  in  the  common  mode.  This  is  effected  by  the 
use  of  two  cylinders  of  different  capacities.  And  Mr.  H.  aflter 
inquiring  into  the  effect  of  using  steam  according  to  each  of 
these  modes,  compares  the  results  together  as  follows :  <<  If  we 
obtain  the  accumulated  pressure  by  taking  a  mean  of  the 

extremes,  we  shall  find  Mr.  Watt's  application  to  be  ^^"^^^'^ 

=  £0,  leaving  Id  lbs.  at  the  termination  of  the  stroke.     The 
iq>plication  ofthe  principle  in  the  present  instance,  by  taking 

the  mean  of  the  extremes,  will  be  2i±i?  =  gl,  leaving  18  at 

the  tei^mination  of  the  stroke ;  which,  in  point  of  advantage 
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in  &vour  of  the  double  cyliader,  is  as  8  to  8,  a  point  of  no 
small  magnitude  in  the  practical  application  of  this  principle, 
and  which  seems  to.  have  been  overlooked  by  all  those  who 
have  taken  up.  tbe  subject'"  Mr.  Hornblower  is  here  stated 
to  have  entered  upon  this  prcject  in  the  ^eor  1776,  and  coi^ 
tinued  it  until  he  nad  made  a  large  workmg  mcdel,  in  which 
tbe  cylinders  were  11  and  \4t  inches  in  diameter;  and  that  Mr. 
Watt's  use  of  the  expansive  valve  had  never  been  put  in  prac- 
tice, until  long  after  Mr.  Hornblower  had  projected  the  desi^ 
of  his  double  engine.  This  gentleman  also  had  another  patent 
granted  him  for  an  engine  having  a  rotary  motion  within  itself, 
by  the  immediate  action  of  steam  on  four  revolving  pistons, 
mounted  on  an  arbor  with  a  hollow  axis. 

The  two  improvements  in  the  engine  invented  by  Mr. 
Edmund  Cartwright,  are  a  tight  piston  and  a  condenser  from 
which  the  atmospheric  air  is  excluded.  This  last  is  mad^  of  as 
thin  copper  as  the  nature  of  its  application  will  admit,  and  a 
large,  external  surface  is  exposed  to  the  water  in  order  to  keep 
it  at  a  low  temperature,  so  that  when  the  steam  comes  in  contact 
with  it  internally  the  condensation  may  be  produced.  A  n  engine 
on  this  principle  erected  at  Horseley-down  is  said  to  give  great 
satisfaction  to  its.  proprietor,  ancf  to  perform  its  operations 
effectually.  For  Mr.  Cartwright^s  rotary  motion,  see  Bg*  4. 
pL  XXIII. 

Mr.  Hornblower  then  concludes  his  subject  with  observing 
that  ^^  Mr.  Wattes  engine,  as  it  now  stands,  is  the  work  of  six- 
and-thirty  years,  and  we  may  hold  it  as  complete  in  its  kind  as 
it  possibly  can  be.  It  has  exercised  the  ingenuity  of  the  in- 
ventor, besides  frequent  accessions  from  the  ingenuity  of  other 
men :  various  pretensions  and  conceits  no  doubt  will  abound  to 
rival  its  excellency,  and  time  only,  the  arbiter  of  human  affairs, 
will  determine  their  fate.  We  would  rather  see  a  laudable 
competition  prevail  to  simplify  its  parts,  without  affecting  the 
principle,  either  by  reducing  their  number,  or  by  di^ensing 
with  their  costly  finish,  or  both,  that  it  may  come  within  tbe 
QQmpass  of  the  middle  ranks  as  well  as  the  more  opulent;  ^nd 
the  man  who  sets  the  example  will  deserve  well  of  his  couutry.'" 

5.  The  EdinAurgfi  Reviewer's  Jccount  ^Steam-enginea.-'-^ 
The  honour  of  inventing  tbe  steam-engine  is  ascribed  to  the 
Maiquis  of  Worcester,  as  the  first  idea  of  it  is  found  in  a  small 
work,  entitled,  "J  Century  of  Inveniions^  published  by  him  in 
1663,  and  consisting  of  brief  accounts  of  a  number  of  schemes 
relative  to  inventions  and  improvements,  which  had  at  variQitB 
times  presented  themselves  to  his  mind.  What  relates  to  his 
contrivance,  which  has  obtained  the  appellation  of  steanib-engine, 
is  very  short  and  obscure ;  and  all  that  can  be  obtained  from  it 
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Uf  Aat  he  had  actnally  had  a  marhine  eooknicted  for  nuking 
water  by  means  of  steam;  bat  in  what  place  or  manaer  this  was 
effected  is  probably  not  to  be  ascertuned.  It  is  supposed^  tfaat 
the  force  ot  this  engine  was  derived  solely  from  the  elasdc  pow^ 
of  steam,  and  that  the  condensation  of  steam  by  cold  oonstitated 
no  part  of  his  invention.  This  last  is  attributed  to  Captain  Sa- 
very « who  had  erected  several  en^nes  previous  to  the  year  1 696, 
when  he  publidied  a  small  tract,  entided  *^  The  Miner^^ Friend/* 
In  his  engines,  the  alternate  condensation  and  pressure  of  the 
steani  took  place  in  the  same  vessel  into  which  the  water  vms 
first  raised  by  the  pressure  of  die  atmoiphere,  and  then  expelled 
•by  the  elasticity  of  strong  steam. 

The  next  who  effected  any  essentiid  improvement  in  this  ai- 
gine  was  Newcomen ;  and  for  which  he  obtained  a  patent  in 
1 706.  This  consisted  in  causing  the  steam  to  aet  in  diiferent 
vessels  from  those  in  v^  hich  the  watc^  was  raised ;  and  employ- 
ing the  weight  of  the  atmosphere  for  the  purpose  of  pressure 
only,  while  the  air  was  displaced  by  mean»of  steam,  and  a  v»- 
caum  produced  by  condensation.  This  was  no  small  improve- 
ment, as  it  enabled  him  to  make  use  of  steam  of  much  less 
elastieity,  and  therefore  to  work  with  less  heat,  which  produced 
a  considerable  saving  in  the  expense.  To  him  this  engine  is 
indebted  for  the  introduction  of  the  steam  cylinder  and  piston^ 
their  connexion  with  the  pump  by  means  of  the  main  lever  wkh 
its  rods  and  chains,  and  several  other  inventions  of  less  im- 
portance. 

In  this  state,  however,  the  engine  required  the  constimt  at- 
tendance of  a  man  to  open  and  shut  the  cocks  by  which  steam 
and  cold  water  were  alternately  admitted,  until  Mr.  Henry 
Beighton,  in  1717,  invented  the  means,  or  at  lc»st  perfected  the 
mechanism,  for  making  the  engine  perform  this  operation  itself 
^veral  other  of  its  parts  were  also  moch  improved  by  him.  No 
luk'ther  improvement  of  consequence  was  made  in  the  stmctai^ 
of  this  engine  until  the  year  1 764 :  it  still  continued  to  be  styled 
NewcomenX  or  the  atmc^pherical  engine ;  and  was  still  suijgeet 
to  nrntiy  imperfections.  The  steam  was  condensed  in  the  cylin- 
der ;  the  hot  water  was  impelled  by  the  forc^  of  the  steam ;  the 
piston  was  forced  down  by  atmospheric  pressure,  and  was  kept 
tight  by  being  covered  with  water ;  the  injection  cistern  was 
considerably  elevated,  in  order  that  water  mi^t  edter  with 
greater  force.  Experience  had  proved  that  the  engine  could 
only  be  loaded  mtii  about  iseven  pounds  for •eftch  square  inch  of 
the  ttJston;  and  the  great'diffiprenee  betwe^  this  weight  and  Unit 
of  the  admosphere  was  supposed  to  bet>ceasioned  by  friction. 
The  t|tMAitity  of  foel  nec€»sai^  to  evapomt^  ^  given  quantity  of 
Ivattrr,  and  ihe  quantity  of^teaiitprodtfced'from  it,  were  stlike 


UhkfilVvrn  I  aftd  wh^thi^r  the  htot  of  sileatn  ^t*r€^p<Mld^  e^tly 
to  itt  Wiftperature,  Ad  wdl  as  the  proper  quantity  of  ifljectibn- 
V^teir^  for  a  cylinder  of  certain  dimensions,  bad  not  been  deter-" 
niined. 

Mr.  Watt,  at  that  time  a  mathematical  instrument  maker  at 
Glasgow^  undertook  the  repair  of  the  model  of  a  steam-engine 
of  this  riatui'e  belonging  to  the  university  of  that  eity ;  and  in 
the  course  of  his  trials  with  it,  he  difecoveted  that  it  required  a 
greater  quantity  of  both  fuel  and  Ittjection-watef  id  proportion 
than  large  engines.   In  order  to  ascertain  the  cause  of  this  dif* 
ferefncej  and  remedy  tlie^  defects,  hfe  made  many  experiments 
relative  to  the  best  materials  for  making  cylinders ;  the  means 
^pw^ducitig  a  more  perfect  vacuum ;  the  heat  at  which  water 
l^oils  iitider  di!fi^i*e)lt  degreed  of  pressure ;  and  the  quantity  of 
\^Wdr  tiecess&fy  to  produce  a  given  bulk  of  steam  under  the  or- 
dt»ary  pressure  of  the  atmosphere.  These  points,  as  well  as  the 
quatatity  Of  fiiel  i^^qUisite  to  evaporate  a  given  quantity  of  water, 
fand  the  quantityof  cold  water  to  be  injected  at  each  condensa* 
tion  of  the  steam,  being  determined  with  a  much  greater  degree 
-of  pf^oisibh  thafa  brfore,  the  cause  of  the  defects  in  Newcomen*s 
4ii1gine  became  evident.     *'  It  appeared  that  the  steam  could 
not  be  Condensed  so  as  to  form  an  approximation  to  a  vacuum, 
unless  the  cylinder,  and  the  water  it  contained,  were  cooled 
down  to  less  that  100®;  and  that,  at  greater  degrees  of  heat, 
4he  Metier  in  the  cylinder  must  produce  steam,  whic^h  would  in 
part^reisist  the  pressure  of  the  atmosphere.  On  the  other  haftdj, 
'When  gi^ter  degrees  of  exhaustion  were  attempted,  the  quani. 
fhies  oif  injectionvwater  required  to  be  increased  in  a  very  gr^at 
•ratio;  awl  th'b'Wtis  followed  by  a  proportionate  disstruction  of 
st^m  on  refilling  the  cylinder."    A  consideration  of  these  cir- 
cumstances l6d  Mr.  Watt  to  conclude,  that  in  order  to  obtain 
1^6  most  petfedt  vacuum  with  the  least  possible  waste  of  steam, 
it  w^fe-  iieoe^a^y  that  the  cylinder  should  be  brought  to  a  tem^ 
periittire  ^less  that  lOfj^,  and  that  no  steam  should  be  con- 
densed in  refilling  it.    Mr.  Watt  perceived,  that  to  eflFect  thife 
the  cylinder  must  be  kept  always  as  hot  as  the  steam  by  which 
it  w^  filled;  and  that,  by  opening  a  communication  between 
this  cylinder  when  flill,  And  another  vessdl  (which  he  calls  It 
condenser)  exhdfnsted  of  air,  the  steam  would  rush  into  the 
condenser  until  theequilibrii^m  was  restored;  and  the^t  if  a  suf- 
ficient quantity  of  icold  watei'were  injected  into  the  condenser, 
the  st^m  it  contained  would  be  reduced  to  water,  and  no  more 
steam  would  enter  untfl  the  condensation  was  complete.    Thfe 
condenser  he  emptied  of  its  air  and  wfeter  by  meatis  of  a  pump, 
which  Is  known  by  the  common  name  of  the  ait-|m mp:     Some 
ddieictB^tiirtetnained  tbt^e  rem^ied  in  Neweomen'si^linder,ifi 
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which  the  piston  was  kept  tight  by  means  of  water,  some  of 
which  passchd  by  the  sides  of  the  piston,  and  injured  the  vacuum 
by  its  evaporation  :  this  water,  as  well  as  the  atmospheric  air^ 
also  reduced  the  temperature  of  the  cylinder  considerably* 
<<  Mr.  Watt  removed  these  defects,  by  applying  oils,  wax,  and 
fat  of  animals,  to  lubricate  his  piston  and  keep  it  tight :  he  put 
a  cover  on  his  cylinder  (with  a  hole  in  it  made  air  and  steam 
tight,  for  the  piston  rod  to  pass  through),  and  employed  the  elas- 
tic force  of  steam  to  press  upon  the  piston ;  he  also  surrounded 
the  cylinder  with  a  case  containing  steam,  or  a  case  of  woo^,  or 
of  other  non-conducting  substance^  whidi  would  keep  it  always 
of  an  eouable  temperature." 

The  improvements  of  this  engine  being  carried  to  this  length 
in  Mr.  Watt's  mind,  he  executed  a  working  model  in  the  year 
1765,  which  fully  answered  his  expectations.  It  worked  readily 
with  a  load  of  iO|  lbs.  for  each  square  inch  of  the  piston,  and 
was  even  capable  of  raising  14  lb.  per  inch ;  and  required  only 
about  one-third  of  the  steam  that  was  necessary  in  the  common 
atmospheric  engine  to  produce  the  same  efiPect. 

Mr.  Watt  having  erected  an  engine  on  a  large  scale  for  Dn 
Roebuck  of  Kinneil,  which  confirmed  his  previous  expectations^ 
and  in  which  the  saving  of  fuel  exceeded  two-thirds  of  what  was 
used  in  Newcomen'^s  engines;  he  then  obtained  a  patent  for  his 
inventions  in  1769;  and  Dr.  Roebuck  became  associated  in  the 
prospects  which  it  opened.  Dr.  R.  however,  soon  disposed  of 
his  interest  in  the  concern  to  Mr.  Boulton,  the  founder  of  Sobo 
manufactory ;  and  the  business  of  constructing  steam-engines 
soon  after  commenced  under  the  firm  of  Boiuton  and  Watt. 
In  reducing  his  inventions  into  practice  on  a  large  scale,  Mr. 
Watt  now  made  improvements  in  several  of  the  parts  of  New- 
comen'^s  engine.  He  caused  the  cvlinders  to  be  bored  with  a 
greater  degree  of  precision  than  had  been  previously  done;  ^^  he 
adopted  a  new  mode  of  constructing  the  piston  and  screwing 
down  the  packing,  and  secured  the  rod  in  the  piston  in  a  more 
perfect  manner ;  be  introduced  puppet-valves  into  the  steam- 
boxes  or  nozles,  instead  of  the  old  sliding  regulators ;  he  used 
better  means  of  opening  these  valves,  and  added  various  im- 

Erovements  in  the  working  gear ;  he  suspended  the  working 
eam,  so  that  the  centre  of  motion  was  below  the  centre  m 
gravity,  instead  of  being  above,  as  in  the  old  engines;  and  he 
improved  the  mode  of  setting  the  boilers  on  the  grates,  as  well 
as  the  apparatus  for  keeping  the  boilers  regularly  supplied  with 
water.'*  He  likewise  used  the  steam  in  some  of  his  early  reci- 
procating engines  to  act  expansively. 

.    The  next  object  that  engaged  Mr.  Watt  s  attention  was  that 
of  applying  the  power  of  steam  to  produce  rotary  motion ;  and 
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for  this  purpose  he  took  out  a  patent  for  a  steam-wheel  which 
he  had  invented ;  but  this  mode  was  abandoned  from  a  persua* 
sion  that  this  motion  would  be  better  derived  from  the  motion 
of  the  piston  in  the  reciprocating  engine.  This  kind  of  motion, 
however,  had  been  obtained  in  an  atmospheric  engine  erected 
at  Hartley  coalery,  in  Northumberland,  as  early  as  1768.  On 
one  end  of  the  beam  was  fixed  a  tooth  sector,  which  worked  into 
H  trundle,  and  this  last,  by  means  of  two  pinions  with  ratchet- 
wheels,  produced  a  rotative  motion  in  the  same  direction,  by 
both  the  ascent  and  descent  of  the  arch  ;  and  by  changingthe 
position  of  the  rackets  the  motion  could  be  reVersecL  This 
engine  worked  but  very  imperfectly. 

In  1769,  a  patent  was  obtained  by  a  Mr.  Stewart,  for  an 
engine  which  produced  a  rotative  motion,  by  a  chain  going  over 
a  pulley,  and  round  to  barrels  furnished  with  ratchet  wheels : 
a  weight  was  suspended  to  the  loose  end  of  this  chain,  for  the 
purposeof  continuing  the  motionduring  the  return  of  the  engine. 
Mr.  Washbrough^s  patent  mode  of  communicating  a  motion  of 
this  nature,  by  the  reciprocating  strokes  of  the  steam-engine, 
was  virtually  the  same  as  had  been  previously  used  in  the  en- 
gine at  Hartley,  with  the  addition  of  a  fly ;  which  was  now  used 
for  the  first  time,  but  which  had  been  previously  thought  of  by 
Mr.  Watt.  It  is  also  stated,  that  the  idea  of  communicating  ro- 
tative motion  from  the  beam  of  the  steam-engine,  by  means  of 
a  crank,  had  early  occurred  to  Mr.  Watt,  but  that  he  did  not 
set  about  putting  it  in  practice  till  the  year  1778  or  1779,  when 
he  had  a  model  made  for  that  purpose,  which  performed  to  his 
satisfaction ;  and  it  is  added,  that  a  workman,  who  had  been 
empWed  on  the  model,  informed  the  persons  engaged  aboiit 
one  of  Mr.  Washbrough^s  engines  of  the  contrivance.  Mr. 
Watt  then  set  about  other  modes  of  producing  the  same  efiect ; 
**  and,  in  1781,  took  out  a  patent  for  several  new  methods  of 
applying  the  vibrating  or  reciprocating  motion  of  steam  engines 
to  produce  a  continued  rotative  motion  round  an  axis,  one  of 
which  was  that  beautiful  contrivance  of  the  revolving  motion  of 
one  wheel  round  another.  This,  however,  was  only  part  of 
what  Mr.  Watt  saw  to  be  necessary,  in  order  to  perfect  this 
application  of  the  steam-enpne.  The  steam  had  hitherto  been 
used  only  to  press  down  the  piston,  which  was  returned  by  a 
weight  at  the  opposite  end  ot  the  beam,  so  that  the  power  of 
the  steam  may  be  said  to  have  been  inactive  during  that  period. 
Mr.  Watt  remedied  this,  by  applying  the  power  of  the  steam  to 
press  the  piston  down,  as  well  as  to  press  it  up,  thus  forming 
a^mately  a  vacuum  above  and  below  the  piston.  This  he 
caDed  the  douhU  engine ;  and,  in  fact,  it  doubled  the  power  ex- 
ertod  within  the  same  cylinder.    He  had  long  had  in  his  mind 
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the  idea  of  this  improvement ;  and  bad  even  produced  adraw^ 
ing  of  it  to  the  House  of  Commons  in  1774  ^t  the  time  hi^ 
procured  the  act  to  prolong  his  original  patent ;  bat  the  first  he 
executed  was,  we  believe,  at  Soho,  in  the  year  1781  or  17BS, 
and  the  first  public  exhibition  of  it  at  the  Albion  MUls  a  f(^w 
years  later*. 

About  the  same  period,  finding  double  chains,  and  racks,  and 
sectors,  very  inconvenient  for  communicating  the  motion  of  the 
piston-rod  ta  the  angular  motion  of  the  beam,  he  invented  and 
applied  what  has  been  called  the  parallel  motion^  one  of  the 
most  ingenious  and  most  perfect  contrivances  in  mechanics.    - 

To  prevent  irregularities  in  the  speed  of  the  engine,  arising 
from  the  variations  in  the  quantum  of  power  used  at  different 
intervals  in  the  works  to  which  it  was  applied,  he  made  an  apn 
plication  of  the  centrifugal  force  cf  what  is  called  the  governor 
(before  used  in  wind  and  water  mills),  to  regulate  the  admissioB 
of  the  steam ;  by  this  means  keeping  the  engine  always  at  a 
uniform  velocity,  and  diminishing  the  consumption  of  steam  in 
proportion  to  the  power  exerted;  mus  giving  the  finishing  stroke 
to  tne  perfection  of  the  motion  of  this  macnine,  and  rendering 
its  regularity  nearly  correspondent  with  that  of  the  pendulum  of 
a  clock. 

Observatiqns.'^In  the  perusal  of  these  accounts  (saj  the 
^itors  of  the  Retrospect),  our  readers  will  perceive,  that  m  the 
former  of  them  are  mentioned  the  inventions  of  Mr.  Gainsbo* 
rough,  for  condensing  the  steam  in  a  separate  vessel ;  of  Mr. 
Blakey,  for  employing  the  expansive  force  of  steam ;  of  Mr.  Jos. 
Hornblower,  tor  a  new  construction  of  the  valve  which  forms 
a  communication  between  the  boiler  and  the  cylindeir ;  of  Mf« 
Jonathan  Hornblower,  for  obtaining  a  greater  power  by  a  com- 
plicated force  of  steam  in  an  en^e  with  a  double  cylinder; 
and  of  Mr.  Edmund  Cartwright,  for  a  vacuous  condenser  and  an 
improved  method  of  packing  the  cylinder,  which  are  not  notice^ 
in  the  latter.  In  the  last  an  account  is  given  of  the  original 
invention  by  the  Marquis  of  Worcester ;  the  improvemeiits  of 
Captain  Savary,  Newcomen,  and  Beighton;  and  of  the  rotatory 
motion  at  Hartley  coalery,  and  of  Stewart's  patent  melbod  for 
the  same  purpose,  which  are  not  insert^  in  the  former. 
^  Besides  the  difference  in  these  accounts,  relative  to  the  inyeo^ 
tions  of  Mr,  Watt,  Mr.  Washbrough,  and  others,  the  Reviewers, 
in  their  animadversions  upon  "  the  view  which  Dr.  Gregory 
and  his  associate  have  taken  of  the  same  subject,'*  observe  re- 

•  I  have  been  informed  by  the  late  Mr.  H.  Goodwyn,  that  Messrs.  Boulton  and  Watt 
CTCCted  an  engine  of  this  kind  at  his  Porter  Brewery  in  East  Smithfield,  and  that  Mr. 
Roinie  applied  it  to  the  different  branches  of  the  establishment  there,  about  two  ycarr 
before  the  Albion  Mills  were  completed.  , 
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Sednig  BXi*.  OaiiifebbrbiigVs  invaition,  **  it  is  quite  ifnpossibie 
at  Mr.  Watt's  ided  of  condensing  in  a  separate  vessel  could  be 
derived  from  that  gentleman.  Mr.  Watt,  while  he  resided  ai 
GlasflTow,  about  the  year  1764?  or  1765,  invented  that  method  of 
condteiisation.  Mr.  Gainsborough's  improvement,  whatever  it 
tms,  Was  posfterior  by  more  than  twenty  yeats.'*  Mr.  Horn- 
blower  states,  relative  to  the  same  subject,  that  Mr.  Gainsbo- 
fough'^s  **  model  succeeded  so  well  as  to  induce  some  of  the 
Cornish  adventurers  to  send  their  engineer  to  examine  it;  and 
th^  report  was  so  favout-able  as  Induced  an  intention  of  adopt- 
ing it.  This,  however,  was  soon  after  Mr;  Watt  had  his  act  of 
padiament  passed  fbr  the  extetision  of  his  term ;  and  he  liad^ 
about  the  ssLme  time"^*  (1774"),  **  made  proposals  to  the  Cornish 
gentlemeii  to  send  his  engine  into  that  country.  This  necessarily 
brought  on  a  competition,  in  which  Mr.  Watt  succeeded.*^ 
And  be  also  adds,  '^  it  is  well  known  that  Mr.  GrainsboroUgjh 
opposed  the  petition  to  the  House  of  Commons,  through  the 
interest  of  General  Conway.*'  How  this  statement,  and  the. 
coticltidfng  sentence  of  the  preceding  one,  can  be  reconciled 
with  each  other,  We  ai'e  under  the  necessity  of  leaving  to  our 
readeirs  to  determine;  we,  however^  cannot  perceive*  any 
reason  why  these  inventions  should  not  have  taken  place  in- 
dependently. 

Whenf  speaking  of  the  engine  for  which  a  patent  was  takeil 
out  in  1781  by  Mr.  Jonathan  Hornblower,  of  Penrhyn,  the 
Reviewer  si^s,  *^  In  the  account,  however,  one  circumstance  is 
omftted,  which  is  very  material  in  the  history  of  this  engine,  viz, 
that  in  the  ye^t  1790,  it  became  the  subject  of  an  action,  as  an 
iwfrihgetneiit  of  Mr.  Watt's  patent ;  and  that  the  miners,  wbo^ 
batf  used  the  etigines  of  this  consti-uctiort,  paid  the  portion  of 
sa^ihgsC  ih  fuel  claimed  by  Messrs.  iS'oulton  and  Watt  for  the 
uid'of  theiT  invention,  rather  than  risk  the  event  of  a  lawsuit. 
Itshdidd,  besides,  be  observed,  that  if  this  engine  merits  the 
eufogium  bestowed  upon  it,  it  seems  singuliar,  that  not  one  of 
the  kind  has  since  been  erected,  though  all  legal  obstructions 
w^e  removed,  by  the  expiration  of  mt.  Watt  s  patent  in  the 
y^r  ISOO.*"  He  likewise  observes,  that  the  patent  granted  to 
Meisi^s'.  Mui'ray  and  Wood  in  1801,  for  their  invention  of  the 
nozles  or  steam-valves,  and  the  method  of  opening  them,  wa^ 
set  aiide  in  1802  or  iBOJl,  by  a  writ  of  scire  fadas^  at  the  in- 
sttftM^  of  Botdton  and  Watt. 

To  this  abridgtnent  of  the  controversial  papers  on  the  hi- 
story of  ^teatW-englhes,  it  may  be  proper  to  add,  that  when  tfie 
account  of  the  Edinburgh  Reviewers  was  published,  Mr.  Horn- 
blowef  was  abroad.  As  soon  as  he  saw  it,  he  complained  of  its 
*^ gross  partiality  and  inaccuracy,'"  and  meant  to  reply  to  it ;  but 
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was  prevented  by  death.  We  shall  now  proceed  to  describe  a 
few  approved  constructions,  beginning  with  that  of  Mr.  Watt, 
of  which  a  most  perspicuous  account  has  been  ^ven  by  Dr. 
Brewster,  as  follows. 

6.  WatCs  Stecmrcngme, — Referring  to  pi.  XXX.  cd  is  the 
boiler  in  which  the  water  is  converted  into  steam  by  the  heat  of 
the  furnace  d.  It  is  sometimes  made  of  copper,  but  more  fre-r 
quently  of  iron :  its  bottom  is  concave,  and  the  flame  is  made  to 
circulate  round  its  sides,  and  is  sometimes  conducted  by  means 
of  flues  even  through  the  middle  of  the  water,  so  that  as  great  a 
surface  as  possible  may  be  exposed  to  the  action  of  the  fire.  In 
some  of  Watt's  engines  the  fire  contained  in  an  iron  vessel  was 
introduced  into  the  middle  of  the  water,  and  the  outer  boiler 
was  formed  of  wood,  as  being  a  slow  conductor  of  heat.  When 
the  furnaces  are  constructed  m  the  most  judicious  manner,  eight 
square  feet  of  the  boiler's  surface  must  be  acted  upon  by  the 
fire  or  the  flame,  in  order  to  convert  one  cubic  foot  of  water 
into  steam,  in  the  space  of  an  hour.  When  fire  is  applied 
to  the  boiler,  the  water  is  not  converted  into  steam  till  it  has 
reached  the  temperature  of  212°  of  Fahrenheit,  or  the  boiling 
point.  And,  indeed,  when  the  water  is  pressed  by  air  or  steam, 
more  condensed  than  the  atmosphere,  a  temperature  greater 
than  212°  is  necessary  for  the  production  of  steam  :  but  the 
heat  requisite  for  this  purpose  increases  in  a  less  ratio  than  the 
pressure  to  be  overcome.  The  steam  which  is  produced  in  the 
boiler  is  about  1 800  times  rarer  than  water,  and  is  conveyed 
through  the  steam  pipe  ce,  into  the  cylinder  o,  where  it  acts 
upon  the  piston  q^  ana  communicates  motion  to  the  great  beam 
AB.  But  before  we  trace  the  mode  of  transmitting  this  motion^ 
we  must  describe  the  very  ingenious  method  em^oyed  by  Mr. 
Watt  for  supplying  the  boiler  regularly  with  water,  and  pre- 
serving it  at  the  same  level  op  ;  a  circumstance  which  is  abso- 
lutely necessary,  that  the  quantity  and  elasticity  of  the  steam  in 
the  boiler  may  be  always  the  same.  The  small  cistern  w,  placed 
above  the  boiler,  is  supplied  with  water  from  the  hot  well  A,  by 
means  of  the  pump  z^  and  the  pipe  f.  To  the  bottom  of  this 
cistern  is  fitted  the  pipe  wr,  which  is  immersed  in  the  water  op, 
and  is  bent  at  its  lower  extremity,  in  order  to  prevent  the  en- 
trance of  the  rising  steam.  A  crooked  arm  u^,  attached  to  the 
side  of  the  cistern  «,  supports  the  small  lever  dV,  which  moves 
upon  d!  as  a  centre.  The  extremity  V  of  this  lever  carries,  by 
means  of  the  wire  ft'p,  a  stone  or  piece  of  metal  p,  which  hangs 


.   .  top  of  the  pipe  „  . 

Now,  it  is  a  maxim  in  hydrostatics,  that  when  a  heavy  body  is 
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sa&pended  in  a  fluid  it  loses  as  much  of  its  weight  as  Is  equid  to 
that  of  the  quantity  of  fluid  which  it  displaces.  When  the  water 
OP,  therefore,  is  diminished  by  the  conversioh  of  part  of  it  into 
steam,  the  upper  surface  of  the  body  v  will  be  above  the  fluid, 
and  its  weight  will  consequently  be  increased,  in  proportion  to 
the  quantity  of  the  body  that  is  not  immersed.  By  this  addi- 
tion to  its  weight  the  stone  p  will  cause  the  extremity  V  of  the 
lever  to  descend,  and,  in  consequence,  by  elevating  the  arm 
d*a\  will  open  the  valve  at  the  top  of  the  pipe  ur,  and  thus  gra- 
dually introduce  a  quantity  of  water  into  the  boiler,  equ^  to 
that  which  was  lost  by  evaporation.  This  process  is  continu- 
ally going  on,  while  the  water  is  converting  into  steam :  and  it 
is  evident  that  too  much  water  can  never  be  introduced ;  for  as 
soon  as  the  surface  of  the  water  coincides  with  the  surface  of 
the  body  p,  it  recovers  its  former  weight,  and  the  valve  at  u 
shuts  the  top  of  the  pipe  ur. 

In  order  to  know  the  exact  height  of  the  water  in  the  boiler, 
two  cocks  7c  and  I  are  employed,  the  first  of  which  reaches  to 
within  a  little  of  the  height  at  which  the  water  would  stand, 
and  the  other,  /,  reaches  a  very  little  below  that  height.  If  the 
water  stands  at  the  desired  height,  the  cock  k  being  opened, 
will  give  out  steam,  and  the  cock  I  will  emit  water,  in  conse- 
quence of  the  pressure  of  the  superincumbent  steam  on  the  water 
OP,  but  if  water  should  issue  from  both  cocks,  it  will  be  too  high 
in  the  boiler  ;  and  if  steam  issues  firom  both,  it  will  be  too  low. 

As  there  would  be  great  danger  of  the  boiler's  bursting  if  the 
steam  should  become  too  strong,  it  is  furnished  with  the  safety 
valve  x,  which  is  so  loaded,  that  its  weight,  added  to  that  of  the 
atmosphere,  may  exceed  the  pressure  of  the  interior  steam, 
when  of  a  sufficient  strength.  As  soon  as  the  expansive  force 
sio  &r  increases  as  to  become  dangerous  to  the  boiler,  its 
pressure  preponderates  over  the  pressure  of  the  atmosphere 
and  the  safety  valve  :  the  valve  therefore  opens,  and  the  steam 
escapes  from  the  boiler,  till  its  strength  is  sufficiently  diminished, 
and  the  safety  valve  shuts  by  the  predomina^jice  of  its  pressure 
over  thatof  the  interior  steam.  By  opening  the  safety  valve  the 
engine  may  be  stopped  at  pleasure  :  and  to  efiect  this,  a  small 
rectangular  lever,  with  equal  arms,  is  fixed  upon  the  side  of  the 
valve,  and  connected  with  its  top ;  to  one  of  these  arms  a  chain 
is  attached,  which  passes  over  a  pulley,  from  a  horizontal  to  a 
vertical  direction,  so  that  by  pulling  it  the  valve  is  opened,  and 
the  machine  is  stopped. 

From  the  dome  of  the  boiler  proceeds  the  steam-pipe  CE, 
which  conveys  the  steam  itito  the  top  of  the  cylinder  g  by  means 
of  the  steam-valve  a,  and  into  the  bottom  of  the  cylinder  by 
means  of  the  valve  c.    The  branch  of  the  pipe  which  extends 
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frpm  a  to  c  ie.cut  offin  6g.  1,  in  order  to  $how  the  valv^  b^  t>Ut 
is  distinctly  visible  in  fig.  2^  which  is  a  view  of  the  pipes  and 
valves  in  the  direction  fm.  The  cylinder  6  is  sometimes  in- 
closed in  a  wooden  case,  in  order  to  prevent  it  from  being 
cooled  by  the  ambient  air  |  and  sometimes  in  a  metallic  case^ 
that  it  may  be  surrounded  and  kept  warm  by  a  quantity  of  steam 
which  is  brought  from  the  steam-pipe  ec,  tnrough  the  pipe  £G| 
by  turning  a  cock.  It  is  generally  thought,  however,,  that  little 
t)enefit  is  obtained  by  encircling  the  cylmder  with  steam,  as  the 
quantity  thus  lost  is  almost  equal  to  what  is  destroyed  by  the 
coldness  of  the  cylinder.  After  the  steam,  which  was  admitted 
above  the  piston  y  by  the  valve  a,  and  below  it  by  the  valve  c, 
has  performed  its  respective  offices  of  depressing  and  elevating 
the  piston,  and  consequently  the  great  beam  ab,  it  escapes  by 
the  eduction  valves  6  and  d^  fig.  I  and  2,  into  the  condense;-  *, 
where  it  is  converted  into  water  by  me^n.^  of  a  jet  playing  in  the 
inside  of  it.  The  water  thus  collected  in  the  condenser  is  car- 
ried off,  along  with  the  air  which  it  contains,  into  the  hot  well  h,^ 
hy  the  air-pump  ^,  which  is  wrought  by  the  piston  rod  tMs  at- 
tached to  the  great  beam  ab.  From  the  hot  weU  h  this  water 
is  conveyed  by  the  pump  %  and  the  pipe/into  the  cistern  «,  for 
the  purpose  of  supplying  the  boiler.  The  water  *m  which  ren^ 
ders  air-tight  the  pump  e^  and  suppliei^  the  jet  of  watpr  in  the 
condenser,  isfumishea  by  ^hq  pump  g-,  which  is  ^yorked  by  the 
great  bean^.  The  steam  ai^a  eduction  valves  Uy  c,  &,  d,  are 
opened  and  shut  by  the  spanners  a^y  du,  cn,  Jn,  whose  handles 
M  and  N  are  moved  bv  the  plu^  1, 2,  fixed  to  tk  t^e  piston  rod, 
of  tl^e  air-pump.  This  part  <5r  the  machinery  W  been  called 
the  workmg  gear ;  and  is  so  constructed  that  the  steam  and 
eduction  valves  can  be  worked,  either  by  the  hand  or  by  the 
piston  of  the  air-pump.  The  piston  rod  b,  which  mpve*  the 
pistqn  y,  passes  through  a  box  pr  collar  pf  leathers  fixed  in  a 
strong  metallic  plate  on  the  top  of  the  cylinder.  Th^  ro4  is 
turned  perfectly  cylindrical,  and  is  finely  polished  in  order  to 
prevent  any  air  from  passing  by  its  sides.  The  top  v  of  the 
piston  rod  e  is  fixed  to  the  machinery  tv,  whi^  i^  called  tie 
parallel  joint,  and  is  so  contrived  as  to  make  the  rod  vr  ascend 
and  descend  in  a  vertical  or  perpendicular  direction.  When  the 
leveif  or  beam  rises  into  its  present  poi^tion  fi-oco  ^  ^Prizontal 
one,  the  piston  rod  v*  has  a  tendency  to  move  tovardsft,  and 
iJ;omd  move  towards  it  were  the  bar  /^vi^xed  in  its  nr^ixt  po- 
flrtion ;  for  while  the  point  v  rises,  the  bar  f^v  a^sp  rW  at  thd 
same  tune  thq  angle  vfty  increase  and  likewise  tW  wde  >,v/^; 
to  that  thevertex  V  of  the  ai^le  ^v^  wpuld  moy^  towards,!, 
llje  bar  if^y,  however,  is  not  at  rest,  but  moves  rgund  the  fixed 
jppmt  y,  and  rises  along  with  the  point  v  ;  whiie  H'^,  th^r^for^ 
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rises  tfpoh  y  asa  centre,  the  adjoining  bar  ]u,t  moves  rouncf  the' 
point  T  towards  v,  the  angle  r[j^  increases,  and  the  point  jx  ap- 
proaches to  V,  and  keeps  vr  in  a  perpendicular  position^  so  that 
whatever  tendency  the  point  v  has  towards  t  by  the  increase  of 
the  angle  A.v^,it  has  an  equal  tendency  in  the  contrary  direction^ 
by  the  increase  of  the  angle  TfJt^v :  but  as  the  beam  ab  falls  into 
a  horizontal  position^  all  these  motions  are  reversed.  When 
the  piston  rod  vr  rubs  most  upon  the  side  of  the  collar  of  lea- 
thers nearest  to  «,  the  fixed  point  v  must  be  shifted  a  little  in 
the  contrary  direction,  viz.  to  the  right  hand  of  r.  That  the 
nature  of  this  parallel  joint  may  be  better  understood,  it  may  be 
proper  to  observe,  that  all  the  bars  which  have  been  mentioned 
are  double,  as  may  be  seen  in  the  figure ;  that  they  move  round 
points  at  x,  t,  v,  />o,  and  y ;  and  that  the  two  bars  between  ^  and 
V  move  between  the  bars  at  fJ^. 

In  the  steam  engines  of  Newcomen  and  Beighton,  where  the 
piston  was  raised  merely  by  a  counterweight  at  the  extremity  a 
of  the  great  beam,  the  piston  rod  was  connected  with  its  other 
extremity  by  means  or  a  chain  bending  round  the  arch  of  a 
circle  fixed  at  b  ;  but  in  Mr.  Watfs  improved  engines  with  a 
double  stroke,  in  which  the  piston  receives  a  strong  impulse 
upwards  as  well  as  downwards,  the  chain  would  slacken,  and^ 
eonld  not  communicate  motion  to  the  beam.  An  inflexible 
rod,  therefore,  must  be  employed  for  connecting  the  piston  with 
the  beam,  or  the  piston  must  be  suspended  by  double  chains 
like  those  of  engines  for  extinguishing  fire.  In  some  of  Mr. 
Watt's  engines  the  latter  of  these  methods  was  adopted  :  he 
then  employed  a  toothed  rack  working  in  a  toothed  sector  fixed 
at  B,  and  afterwards  fell  upon  the  very  superior  method. which: 
We  have  now  been  describing. 

All  the  engines  which  were  constructed  before  the  time  of 
Mr.  Watt  were  employed  merely  for  raising  water,  and  were 
never  used  a&  the  first  movers  of  machinery ;  except  indeed  that 
Mr.  R.  Fitzgerald  published,  in  the  Transaction*  of  the  Royal 
Society,  a  method  of  converting  the  irregular  motion  of  the 
beai^iifto  a  continued  rotatory  motion,  by  means  of  a  ci:;ank 
etnd  a  train  of  wheel- work  connected  with  a  large  and  massy  fly, 
which,  l^  accumulating  the  pressure  of  the  machine  during  the 
w6rking^roke,urgedroundthe  machinery  duringthe  returning 
strcdte,  when  there  is  no  force  pressing  it  forward.  For  this 
il^^  and  ingenioas  contrivance  Mr.  Fifegerald  received  ft 
patent,  and  proposed  to  apply  the  steam-engme  as  the  moving 
powet  of  every  kind  of  machmery,  but  it  does  not  appear  that 
aiiy  mills  were  erected  under  this  patent.  In  order  to  convert 
the  reciprocating  motion  of  the  beam  into  a  circular  motion, 
Mr.  Watt  fixed  a  strong  and  inflexible  rod  au  to  the  extre- 
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mky  of  the  great  beam.  To  the  lower  end  of  this  rod  a  toothed 
wheel  u  is  tastened  by  bolts  and  straps,  so  that  it  cannot  move 
round  its  axis.  This  wheel  is  connected  with  another  toothed 
wheel  s  of  the  same  size,  by  means  of  iron  bars,  which  permit 
the  former  to  revolve  round  the  latter,  but  prevent  them  from 
quitting  each  other.  This  apparatus  is  called  the  sun  and 
planet  wheels,  from  the  similarity  of  their  motion  to  that  of  the 
two  luminaries.  On  the  axis  of  the  wheel  s  is  placed  the 
large  and  heavy  fly-wheel  f,  which  regulates  the  desultory 
motion  of  the  beam.  When  tie  extremity  a  of  the  great  beam 
rises  from  its  lowest  position,  it  will  brin^  along  with  it  the 
wheel  (f,  and  cause  it  to  revolve  upon  the  circumference  of  the 
wheel  s,  so  that  the  interior  part  of  the  former,  or  the  part 
next  the  cylinder,  will  act  upon  the  exterior  part  of  the  latter, 
or  the  part  farthest  from  the  cylinder,  and  put  it  in  motion  alcmg 
with  the  fly  f.  After  the  wheel  u  has  got  to  the  top  of  the 
wheel  s,  the  end  a  of  the  beam  will  have  reached  its  highest 
position,  and  the  wheel  s,  along  with  the  fly,  will  have  per- 
formed one  complete  revolution.  When  tne  wheel  u  passes 
from  the  top  of  s  into  its  former  position  below  it,  the  extre- 
mity A  of  the  beam  will  also  descend  from  its  highest  to  its 
lowest  position,  so  that  for  every  ascent  or  descent  of  the  pis- 
ton or  the  great  beam,  the  planet-wheel  u  will  make  one 
turn,  while  the  sun-wheel  and  fly  will  perform  two  complete 
revolutions. 

When  the  steam-engine  is  employed  to  drive  machinery  in 
which  the  resistance  is  very  variable,  and  where  a  determinate 
velocity  cannot  properly  be  dispensed  with,  Mr.  Watt  has  r 
applied  a  conical  pendulum,  which  is  represented  at  mrij  for 
procuring  a  uniform  velocity.  This  regulator  consists  of 
tivo  heavy  balls  mn,  suspended  by  iron  rods  which  move  in 
joints  at  the  top  of  the  vertical  axis  op,  and  is  put  in  mo- 
tion by  the  rope  do  which  passes  over  the  pulleys  o,  o,  and 
round  the  axis  o  of  the  fly.  Since  the  velocity  of  the  fly  and 
sun-wheel  increases  and  diminishes  with  the  quantity  of  steam 
that  is  admitted  into  the  cylinder,  let  us  suppose  that  too  much 
is  admitted, — then  the  velocity  of  the  fly  will  increase,  but  the 
velocitv  of  the  vertical  axis  op  will  also  increase,  and  the  balls 
mn  will  recede  from  the  axis  oy  the  augmentation  of  their  cen- 
trifugal force.  By  this  recess  of  the  balls,  the  extremity  p  of 
the  lever  ^^,  moving  upon^  as  a  centre,  is  depressed,  its  other 
extremity  s  rises,  and  by  forcing  the  cock  at  a  to  close  a  little^ 
diminishes  the  supply  of  steam.  The  impelling  power  being 
thus  diminished,  the  velocity  of  the  fly  and  the  axis  op  de- 
creases in  proportion,  and  the  balls  w,  riy  resume  their  former 
position.  > 
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In  Mr.  Watt*s  improved  engine,  the  steam  and  edaction- 
valves  are  all  puppet  clacks*     One  of  these  valves,  and  the 
method  of  opening  and  shutting  it,  is  represented  in  fig.  3  of 
Plate  XXX .     Let  it  be  one  of  the  eduction-valves,  and  let  a  a 
be  part  of  the  pipe  which  conducts  the  steam  into  the  cylinder, 
and  MM  the  superior  part  of  the  pipe  which  leads  to  the  con- 
denser.   At  oo,  the  seat  of  the  valve,  a  metallic  ring,  of  which 
»m  is  a  section,  is  fitted  accurately  into  the  top  of  the  pipe  mm, 
and  is  conical  on  the  outer  edge,  so  as  to  suit  the  conical  part 
of  the  pipe.  These  two  pieces  are  ground  together  with  emery, 
and  adhere  very  firmly  when  the  contiguous  surfaces  are 
oxydated  or  rusted,     'ihe  clack  is  a  circular  brass  plate  «i, 
with  a  conical  edse  ground  into  the  inner  edge  of  the  ring  nn^ 
so  as  to  be  air-tight,  and  is  furnished  with  a  cylindrical  tan  mvy 
which  can  rise  or  fall  in  the  cavity  of  the  cross  bar  nn.     To 
the  top  of  the  valve  m  a  small  metallic  rack  mv  is  firmly  fasten- 
ed, which  can  be  raised  or  depressed  by  the  portion  e  of  a 
toothed  wheel,  moveable  upon  the  centre  p.     The  small  circle 
D  represents  a  section  of  an  iron  cylindrical  axis,  whose  pivots 
move  in  holes  in  the  opposite  sides  of  the  pipe  aa.     Its  pivots 
are  fitted  into  their  sockets,  so  as  to  be  air-tight;  and  the  ad- 
mission of  air  is  farther  prevented  by  screwing  on  the  outside 
of  the  holes  necks  of  leather  soaked  in  rosin  or  melted  tallow. 
One  end  of  this  axis  reaches  a  good  way  without  the  pipe  aa, 
and  carries  a  handle  or  spanner  on,  which  may  be  seen  m  fig.  1. 
Plate  XXX.  and  which  is  actuated  by  the  plugs  1,  S,  of  the 
rod  TN.    When  the  plug  2,  therefore,  elevates  the  extremity  of 
the  spanner  i^5,  during  tne  ascent  of  the  piston-rod  tn,  the  axle 
D,  Plate  XXX.  fig,  9,  is  put  in  motion,  the  valve  m  is  raised 
by  means  of  the  toothed  racks  e  and  f,  and  the  steam  rushes 
through  the  cavity  of  the  circular  ring  nn^  by  the  sides  of  the 
cross  piece  of  metal  oo,  nn.    When  the  valve  needs  repair,  the 
cover  B,  which  is  fastened  to  the  top  of  the  valve  box  by  means 
of  screws,  can  easily  be  removed. 

Having  thus  described  the  difierent  parts  of  the  most  im- 
proved steam-engine,  it  will  be  proper  to  attend  to  the  mode  of 
Its  operation.  Let  us  suppose  that  the  piston  is  at  the  top  of 
die  cylinder,  as  is  represented  in  the  figure,  and  that  the  upper 
steam  valve  a,  and  tne  lower  eduction  or  condensing  valve  d^ 
are  opened  by  means  of  the  spanner  m,  while  the  lower  steam 
valve  c,  and  the  upper  eduction  valve  &,  are  shut;  then  the 
steam  in  the  boiler  will  issue  through  the  steam  pipe  ce,  and 
the  valve  a,  into  the  top  of  the  cylmder,  depress  the  piston, 
by  its  elasticity,  to  the  very  bottom.  Bat  when  the  piston  q\s 
brought  to  the  bottom  of  the  cylinder,  and  the  extremity  b  of 
the  great  beam  is  dragged  down  by  the  parallel  joint  tv,  its 
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other  extremity  a  rises,  and  the  wheel  u  having  passed  oVer  half 
of  the  cirGumierence  of  s,  will  have  urged  forward  thefly* 
wheel  F9  and  ocmsequendy,  the  machinery  attached  to  it,  one 
complete  revolution.  When  the  piston  g  has  reached  the  hot* 
torn  of  the  cylinderi  the  piston-rod  tk  of  the  lUr-pnmp,  by  the 
pressure  of  the  plu£  i  upon  the  spanner  m,  has  shut  the  steaiD 
valve  a  and  the  eduction  valve  dy  while  the  plug  it  has,  by 
means  of  the  spanner^  op^ed  the  eduction  valv0  6,  and  the 
steam  valve  c.  The  steam^  therefore^  wlueb  is  above  the  pis- 
ton^  rushes  through  the  eduction  valve  b  into  the  condenser  s 
where  it  is  converted  into  water  by  the  jet  in  the  middle  of  it^ 
and  by  the  coldness  arising  from  the  surrounding  fluid  w^  whiles 
at  the  same  time,  a  new  quantity  of  steam  from  the  b(^ler 
issues  through  the  open  steam- valve  c,  into  the  cylinder,  forces 
up  the  piston,  and,  by  raising  one  end  of  the  working  beam,  and 
depressing  the  other,  makes  the  wheel  u  describe  the  other  semi- 
circumference  of  s,  and  causes  the  fly  and  the  machinery  on  its 
axis  to  perform  another  complete  revdiotion.  As  the  plugs  1, 
%  ascend  with  the  piston  g,  they  open  or  sliut  the  steam  and 
eduction  valves^  and  the  operation  of  the  engine  may  be  thus 
continued  for  any  length  of  time. 

From  this  brief  description  of  the  steam-engine,  the  reader 
will  be  enabled  to  perceive  the  nature  and  appreciate  the  value 
of  Mr.  Watfs  improvements.  It  had  hitherto  been  the  prac- 
tice to  condense  the  steam  in  the  cylinder  itself,  by  the  injec- 
tion of  cold  water :  but  the  water  which  is  injected  acquires  a 
considerable  degree  of  heat  from  the  cylinder,  and  being  placed 
in  air  highly  rarefied,  part  of  it  is  converted  into  steam,  which 
resists  the  piston,  and  diminishes  the  power  of  the  engine. 
When  the  steam  is  next  admitted,  part  of  it  is  converted  into 
water  by  coming  in  contact  with  the  cylinder,  which  is  of  a 
lower  temperature  than  the  steam,  in  consequence  of  the  de- 
struction of  its  heat  by  the  injection  water.  By  condensing 
the  steam,  therefore,  in  the  cylinder  itself,  the  resistance  to  the 
piston  is  increased  by  a  partial  reproduction  of  this  elastic  va- 
pour,, and  the  impelling  power  is  diminished  by  a  partial  de- 
struction, of  the  steam  which  is  next  admitt^»  Both  these  in*- 
conveniences  Mr.  Watt  hite  in  agreat  measure  avoided,  hj  using; 
a  condenser  separate,  from  the  cylinder,iand  encircled  with  cola 
water*;  and  by  surrounding  the  cylinder  with  a  wooden case^ 
and  int^rpo6ing.li^t  wood  asbes^  ui  order  tp  prevent  its  heat 
from  being  abstracted  by  the  ambient  adr^ 

*  Bffcn  m  Mi.  Watt'v  best  engines,  a  very  small  quantity  of  steam  remains  in  the 
qrjinder,.  having  the  temperatlire  of  the  hot-well  p,  or  of  the  water,  into  which  the 
ejected  st^ra  is  converted.  Its  pressure  is  indicated  by  a  barometer,  which  Mr.  Watt 
has  ingeniously  applied  to  his  engines. fbr  exhibiting  the  state  of  the  vacuum. 
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.:  :TbiB  greatest  of  Mr.  Wait*$  impioveinenUi  consists  hi  bis 
.«)i}|doyi|}g  ibe  steam  both  to  elevate  and  depress^  the  piston, 
in  the  engines  of  Newcomen  and  Beiffhton,  the  steam  was  not 
tbe  iinpellinff  power;  it  was  used  merely  for  producing  a  vacuum 
below  the  piston,  which  was  forced  down  by  the  pressure  of 
the  atmospnere,  and  elevated  by  the  counter-weight  at  the  far- 
ther extremity  of  the  great  beam.  The  cylinder,  therefore,  was 
exposed  to  the  external  air  at  every  descent  of  the  piston;  and 
a  considerable  portion  of  its  heat  being  thus  abstracted,  a  cor* 
responding  quantity  of  steam  was  of  consequence  destroyed. 
In  Mr.  Watfs  engines,  however,  the  external  air  is  excluded 
by  a  metal  plate  at  the  top  of  the  cylinder,  which  has  a  hole  in 
it  for  admitting  the  piston-rod ;  and  the  piston  itself  is  raised 
and  depressed  merely  by  the  force  of  steam. 

When  these  improvements  are  adopted,  and  tbe  engine  con- 
structed in  the  most  perfect  manner,  there  is  not  above  -^  part  of 
the  steam  consumed  in  heating  the  apparatus ;  and,  therefore, 
it  is  impossible  that  the  engine  can  be  rendered  ^  more  power- 
ful than  it  is  at  present,  it  would  be  very  desirable,  however, 
that  the  force  of  the  piston  could  be  properly  communicated 
tp  the  machinery  without  the  intervention  of  the  great  beam. 
This,  indeed,  has  been  attempted  by  Mr.  Watt,  wno  has  em-» 
ployed  the  piston-rod  itself  to  drive  the  machinery  ;  and  Mr. 
Cartwright  has,  in  his  engine,  converted  tbe  perpendicular  mo- 
tion of  me  piston  into  a  rotatory  motion,  by  means  of  two 
cranks  fixed  to  the  axis  of  two  equal  wheels  which  work  in 
each  other.  JSiotwithstanding  the  simplicity  of  these  methods, 
none  of  them  have  come  into  general  use,  and  Mr.  Watt  still 
prefers  the  intervention  of  the  great  beam,  which  is  generaDy 
made  of  hard  oak,  with  its  heart  taken  om,  in  order  to  prevent 
it  from  warping.  A  considerable  quantity  of  power,  however, 
is  wasted  by  dragging,  at  every  stroke  of  the  piston,  such  a 
mass  of  matter  uom  a  states  of  rest  to  a  sti^te  of  motion,  aixd 
then  from  a  state  of  motion  to  a  state  of  rest.  To  prevent  this 
}os9  of  power,  a  light  frame  of  carpentry  has  been  employed 
by  several  engineers  instead  of  the  solid  beam.  Cast  iron 
beams  have  beea  adopted  with  great  suceessk    (Brew^er*^ 


7.  PI.  XXXI.  fig.  1»  represents  a  Steam-ekgin]:,  erected 
in  190s;  by  Messrs.  Murroff  and  W^  of  Leeds,  for  Mr« 
FrandS'  Brewirh  at  his  tan-yard  in  Willow  Walk,  BecmoDdser; 
and  fig.  %  represeots  some  parts  on  a  lar^  scale :  aa  is  tbe 
shaft  &r  conveying  the  power  of  thie  engttie  to  work  a  bark- 
xnJjii  im4  several  fMUi^pa.  The  steam  from^  the  boil^  enters 
throii^h  the  pipe  b  into  the  9^e9iblage  of  pjf^es^  technical 
lermed  nossels  or  vdlve'lHme^  represented  separately  iit  fig.  ^ 
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which  contain  the  valves  for  distributing  the  steam  at  proper  in-' 
tervals  into  the  cylinder  cc^  and  letting  the  same  on  again 
to  the  condenser  m.  The  cylinder  cc,  which  is  cased  with 
wood  to  k  eep  in  the  heat,  has  a  solid  piston  moving  in  if^ 
whose  polished  piston-rod  d  passes  througn  a  stuffing-box ;  the 
upright  motion  of  this  rod  is  converted  into  a  rotatory  one  by  the 
following  contrivance :  the  circular  rim  e,  three  feet  diameter, 
with  seventy-two  teeth  on  the  inside,  is  firmly  fixed  and  sus- 
pended from  the  floor,  by  two  cast-iron  pillars  ff  and  braces 
LL ;  the  small  wheel  6,  of  eighteen  inches  diameter  and  thirty- 
six  teeth,  is  made  to  revolve  within-side  of  the  rim,  so  as  always 
to  touch  the  teeth  by  a  pin  (the  end  of  which  is  represented 
in  the  centre  of  the  wheel  g),  firmly  fixed  on  the  wheel  h, 
parallel  to  its  axis  aa,  with  which  it  always  moves ;  and  nine 
mches  from  its  centre,  on  the  circumference  of  the  wheel  o,  is  a 
bolt  I,  screwed  on  perpendicular  to  its  plane,  in  such  a  place, 
that  when  the  wheel  g  is  at  the  bottom  of  the  rim  e,  the  bolt  is 
on  the  lowest  tooth ;  and  when  the  small  wheel  is  at  the  top  of 
the  rim,  it  is  on  the  highest :  to  this  bolt  the  piston-rod  n  and 
the  air-pump-rod  k  are  attached,  and  the  tops  of  these  rods,  by 
moving  up  and  down  in  right  lines,  passing  through  the  axis 
of  the  wheel  h,  will  communicate  a  rotatory  motion  to  that 
wheel,  and  all  on  the  same  shaft.  See  the  article  Parallel 
Motion. 

The  wheel  u^  on  the  axis  a  a  of  the  fly-wheel  nn,  communi- 
cates its  motion  by  the  wheels  shown  in  fig.  2,  to  the  wheel  b ; 
which  wheels  are  so  contrived,  that  one  revolution  of  the  fly 
will  produce  one  of  the  wheel  &,  on  whose  axis  are  two  eccen- 
tric wheels  c  and  d,  which  alternately  raise  the  rods  e  and^  for 
opening  the  valves  contained  in  the  short  cylinders  or  valve- 
boxes  gff  and  hh :  each  of  these  boxes  has  three  divisions ;  the 
upper  envision  of  the  upper  box  contains  a  valve  1,  called  the 
%mper  steam-valves  its  use  is  to  admit  steam  from  the  boiler 
through  the  pipe  b,  into  the  middle  division  which  communi- 
cates with  the  cylinder ;  in  this  box  is  a  valve  2  (which  is  moved 
by  a  rod  passing  through  the  rod  of  the  other  valve  1),  called  the 
upper  condensififf-valve  (or  exhaustmg-^alve) ;  it  is  for  opening 
a  passage  from  the  top  of  the  cylinder  to  the  condenser  by  the 

Eipe  q.  In  the  same  manner,  the  upper  valve  3  of  the  lower 
^  ox  is  called  the  lower  steam-valvCy  and  is  for  admitting  steam 
in  the  lower  part  of  the  cylinder  by  means  of  the  pipe  r ;  the 
valve  4  is  for  connecting  the  bottom  of  the  cylinder  with  the 
condenser,  and  is  therefore  called  the  lower  condensing^lve. 
The  rody*  connects  at  its  top  with  the  um)er  eondensing-valne 
(2),  and  the  lower  steam-valve  (8)  at  its  bottom ;  it  will,  there- 
fore, when  it  is  lifted  up  by  the  eccentric  wheel  d,  open  those 
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valves,  and  by  causing  a  vacuum  above,  and  a  pressure  of  steam 
beneath,  the  piston,  force  it  upwards  and  move  the  machinery : 
also  the  rod  e,  connecting  with  the  upper  steam  valve  i  at  its 
top,  and  the  lower  condensing-valve  4  at  its  bottom,  bdng  lifted 
up  by  the  eccentric  wheel  c,  will  cause  the  piston  to  descend ; 
but  this  will  not  be  the  case,  unless  one  rod  is  permitted  to 
descend  by  its  own  weight,  as  the  other  is  lifted ;  otherwise  the 
steam  will  leave  free^  passage  from  the  boiler  to  the  condenser, 
which  operation  is  called  blotmng  throuffh. 

The  condenser  m  is  a  cylindnc  vessel,  into  which  is  admitted' 
a  small  jet  of  cold  water,  by  the  cock  /,  called  the  injection- 
cock  :  the  bottom  of  the  condenser  communicates  by  a  short 
Sipe  o  (which  pipe  contains  a  valve  shutting  towards  the  con- 
enser),  with  the  air-pump  p,  four  inches  diameter  and  three 
feet  stroke ;  the  piston  of  the  air-pump  has  a  valve  in  it,  and  is 
moved  by  the  rod  k,  as  before  described ;  the  air*pump^s  office 
is  to  extract  the  water  of  the  condensed  steam,  injection,  &c. 
from  the  condenser,  and  keep  the  vacuum  perfect.  The  air 
pump  and  condenser  must  oe  in  a  well  or  cistern  of  cold 
water. 

To  work  this  engine,  the  steam  must  be  made  of  sufficient 
elasticity  to  rush  forcibly  out  of  the  boiler  when  permitted ; 
draw  the  handles  n  and  o  apart  from  each  other,  which  acting 
as  levers  against  the  stubs-on  the  rods  e  and  j^  will  raise  them 
up  in  a  small  degree,  and  open  all  the  valves  at  once;  and  thb 
steam,  by  blowing  through^  will  expel  the  water,  air,  &c.  which 
may  have  filled  the  cylinder  and  condenser,  at  a  valve  shutting 
outwards  in  the  condenser  for  that  purpose.  When  it  is  thought 
that  the  air,  &c.  is  all  driven  out,  one  or  other  of  the  handles 
must  be  dropped  (according  to  the  position  of  the  wheel  o) ; 
the  injection  cock  /  is  then  opened  by  its  handle^,  which  sud- 
denly cooling  the  steam,  reduces  it  to  the  bulk  it  formerly  pos- 
sesseid  in  the  boiler,  and  forms  a  vacuum  in  the  condenser;  the 
steam  from  the  cylinder  which  rushes  in  to  restore  the  equili- 
brium is  condensed  as  it  goes,  and  almost  instantaneously  a 
nearly  perfect  vacuum  is  formed  on  one  side  of  the  piston ;  and 
the  steam  from  the  boiler  presuiig  on  the  other,  aestroys  the 
equilibrium  on  it,  and  puts  the  engine  in  motion.  When  the 
piston  is  at  the  top  of  its  stroke  by  the  arrangement  of  the 
wheels  in  fig.  2,  the  eccentric  wheel  c  will  lift  the  rod  e  (at  the 
time  the  rody  is  permitted  to  descend  by  its  weight),  and  caiise 
the  piston  to  descend ;  and  when  at  the  bottom  of  the  rody  will 
be  lifted,  and  e  will  fall,  which  forces  it  upwards  again. 

To  stop  the  engine,  nothing  is  necessary  but  to  lift  up  both 
the  bandies  and  snut  the  injection-cock  (which  should  always 
be  shut  when  the  en^ne  is  not  at  work),  to  prevent  the  con- 


4H  MACHINES. 

denser  from  filling  with  water ;  and  as  soon  as  the  inonieelCiiH 
of  the  fiy-wheel  is  spent,  the  motion  of  the  engine  will  cease ; 
it  might  also  be  stopped  by  only  cutting  off  the  injection^  which 
would,  after  a  considerable  number  of  strokes,  render  iik9 
vacuum  so  imperfect  as  to  destroy  its  power. 
[  The  cylinder  of  this  engine  is  twelve  inches  diatoeter,  and 
has  a  three-feet  stroke ;  its  power  is  computed  at  four  horses, 
it  makes  about  fifteen  strokes  per  minute,  and  burns  about  nine 
bushels  of  coals  in  fourteen  hours^  being  the  usual  period  of 
working. 


8.  M.  Bettcmcourt^  whose  curious  and  valuable  experi^ 
ments  on  the  expansive  force  of  steam  are  duly  appreciated 
hy  philosophers,  has  contrived  some  steanK-en^nes  cl*  double 
effect;  one  of  which  bdng  very  simple  and  ingenious,  may 
here  be  described^  at  least  all  which  is  peculiar  to  it*  See 
fig.  3.  pi.  XXXI.  The  steam  coming  in  the  ordinary  m«j  fvom 
the  boiler,  which  is  omitted  to  render  the  de»gn  more  simple, 
passes  through  the  tube  &,  and  introduces  itself  by  the  aperture 
'&  into  the  space  of  which  the  circle  ed  represents  the  profile  or 
vertical  section.  This  chamber  e  J  has,  besides  the  orifice  v, 
two  others,  the  one  placed  by  the  side  of  the  canal  e/,  to  com- 
Bumrcate  by  means  of  that  canal  with  the  soperior  pieuft  b  of  the 
cylinder  bb  ;  the  other  placed  below  at  i/,  and  commut^icates 
by  means  of  the  tube  ot  canal  t/  <Z,  with  the  inferior  pArt  b'  of 
tne  cylinder,  of  which  the  piston  is  represented  in  x.  The 
space,  or  circular  chamber  ^'  d^*,  communicates  in  a  simikr 
manner  with  the  upper  and  lower  parts  of  the  cylinder,  by 
means  of  the  tube  i/'  J,  and  the  canal  d'.  Moreover,  tln& 
chamber  ^'  ^"  communicates  by  means  of  the  orifice  r/"  with 
the  chamber  fj^^  where  the  valve  j  is  found  adapted  to  the 
aperture  through  which  issues  the  water  of  injection  destined 
to  condense  the  vapour :  this  valve  is  always  open,  except  when 
we  would  stop  the  machine ;  but  it  may  approach  the  orifice 
more  or  less,  according  to  the  velocity  which  we  woirid  give  to 
thepiston.  The  outlets  v  and  z/"  are,  in  like  manner,  always  open. 

The  orifices  i/,  v'^,  and  those  whidi  establish  the  comiiiuni- 
cation  with  the  cylinder  by  means  of  the  canals  d  and  d',  are* 
closed  alternately  by  the  valves  gh^  or  g%'  of  a  particular  kind. 
Fig.  3.  no.  %  represents  the  profile  of  either  of  these  valves. 
The  part  gk  curved  into  the  arc  of  a  circle  of  the  same  radius 
as  that  of  the  vertical  seotions^^',  ^  d^j  and  turning  upon  aft> 
axis  placed  at  the  centre  o,  may  in  its  revolution  close  any 
aperture  whatever  placed  upon  the  circumference  of  those 
sections.. 
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TMa  being  uhderstood^  suppose  things  in  the  state  tepre-^ 
sented  in  fig*  3.  no.  1.  and  the  vacuum  established  in  the  part 
of  the  cylinder  above  the  piston.  The  steam  entering  by  the 
orifice  v,  finds  the  canal  d  closed^  passes  di rough  the  tube 
z/  d'y  but  cannot  introduce  itself  into  the  chamber  e^'  ef"  be^ 
cause  of  the  valve  g  V  ;  it  therefore  enters  wholly  into  the 
lower  part  b'  of  the  cylinder.  Hence  it  acts  upon  tne  piston  % 
with  all  the  energy  of  which  it  is  capable :  the  piston  pushes 
the  great  beam  by  means  of  the  piston-rod  xk,  and  the  oppo-*^ 
nie  part  oS  that  beam  acts  with  a  like  effort  upon  the  roactf 
bar  destined  to  give  the  ix)tator^  motion  to  the  fly.  The  pistoa 
X  having  thus  arrived  at  the  mghest  point  of  its  course,  the 
valve  g'  h!  makes  a  part  of  a  rotation,  so  as  to  close  the  orifice 
f/'y  and  open  the  canal  d^ ;  in  the  same  time  the  valve  gh  make» 
part  d£  a  revolution  likewise,  to  close  the  aperture  "d  and  open 
the  cacal  d.  The  aqueous  gas  continuing  to  enter  at  Vy  wnicb 
ia  coBfltantly  c^^i,  finds  the  orifice  i/  closed,  penetrates  into  th# 
canal  J,  and  not  having  any  passage  through  the  orifice  y,  goe& 
•entirely  into  the  upper  part  of  tlie  cylinder :  during  this  time, 
the  steam  which  was  m  b'  is  expelled  through  d^y  penetrates  into 
t/'^,  which  is  always  open,  and  beccnnes  condensed  about  the 
yelvej.  By  these  means  the  steam  whicli  enters  b,  acting  with 
all  its  energy  upon  the  piston  x,  makes  it  descend,  and  pro* 
duces,  by  descending,  equal  e£fects  to  those  it  caused  when 
ascending.  The  piston,  then,  having  arrived  at  the  lowest  pcint 
of  il^  course,  the  valve  gh  which  closed  the  orifice  t/,  and  the 
valve  g'A',  which  ck»ed  the  orifice  v%  return  both  to  theiir 
primitive  ntuation;  and  so  on  throughout 

The  extent  of  the  stroke  of  the  piston  must  manifestly  be  such 
that  the  apertures  of  the  canals  at  d,  and  d',  placed  in  the  ^e 
of  the  cyhnder,  are  never  stopped  by  the  piston. 

It  is  almost  needless  to  say,  tmit  the  interior  mech^nismf 
relative  to  the  valves  gk,  gfU,  may  be  moved  by  various  contri-* 
vmices,  eaifih  depending  upon  tne  alternating  motion  of  the 
piston :  so  that  no  other  agent  will  be  required  distinct  froitt 
the  machinery,  than  what  are  wanted  for  keeping  up  the  fire. 


9.  In  the  course  of  the  last  SO  years,  there  has  scarcely  been 
a  month  in  which  some  new  modification  of  the  steam-engine 
has  not  been  proposed.  To  detail  all  these  is  impossible.  We 
shisdl  simply  speafy,  in  addition  to  what  has  already  been  pre- 
sented, some  of  the  recent  inventions  of  Mr*  R,  Witfy,  of 
Hull. 

In  February  1810^  this  mechanist  took  out  a  patent  for  rofa^ 
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Hve  steam-engines,  the  revolving  motion  of  which  was  effected 
by  weights  alternately  drawn  to  and  driven  from  a  centre,  round 
which  a  working  cylinder  or  cylinders  revolved;  and  to  the 
opposite  ends  of  the  piston  rod  or  rods,  that  passed  through  the 
said  cylinder  or  cylinders,  the  weights  were  attached.  Improve- 
ments on  these  engines,  for  which  a  patent  was  taken  in  Oc- 
tober, 1811,  Mr.  Witty  states  to  consist  in  making  the  piston 
draw  or  force  round  the  machinery  to  be  worked  by  it,  whilst 
itself  moves  both  in  a  rectilinear  and  rotatory  direction  in  a 
cylinder  or  steam  vessel;  which  also  revclves  upon  an  axis, 
placed  either  in  a  horizontal,  vertical,  or ^  oblique  position.  The 
mecl^anical  contrivances  by  which  this  is  effected  are  of  various 
kinds,  which  cause  the  pbwer  of  the  piston  to  draw  or  force  the 
cylinder  round ;  and  move  the  mill-work,  or  machinery,  which 
is  attached  to  the  engine,  by  the  revolution  of  the  axis  or  shaft 
of  the  revolving  cylinder,  or  by  the  piston-rod  being  made  to 
act  upon  a  wheel,  or  other  contrivance,  upon  a  separate  axis  or 
shaft,  fixed  or  otherwise  as  ocasion  may  require. 

To  admit  the  action  of  the  steam,  and  oi  the  condenser,  in 
the  revolving  cylinder,  its  axis  is  bored  lengthwise  in  two  places 
so  as  to  form  two  passages,  each  of  which  communicates  by 
lateral  pipes  with  the  end  of  the  cylinder  opposite  to  the- side  of 
the  axis  in  which  it  lies ;  the  extremity  of  this  perforated  axis  is 
formed  of  a  conical  shape,  and  turns  in  a  box  made  to  fit  it,  in 
the  same  manner,  that  the  revolving  part  of  a  common  cock 
turns  in  its  barrels;  from  the  upper  part  of  this  box  a -pipe 
passes  to  the  steam  boiler,  and  from  the  lower  part  another 
pipe  proceeds  to  the  condenser,  and  lateral  apertures  are  made 
through  the  sides  of  the  axle  to  the  two  passages  within  it 
before-mentioned,  which,  as  the  axle  turns,  altemately  comma- 
nicate  with  the  steam  pipe,  and  the  pipe  of  the  condenser  in  the 
box,  in  the  same  way  as  a  cock  with  two  ways  acts ;  with  which 
cock  this  part  of  the  engine  is  on  the  same  principle.  The  axle 
projects  through  the  box,  and  has  a  crank  at  its  end,  by  which 
It  works  the  air-pump  of  the  condenser. 

Several  principles  are  mentioned  by  the  patentee,  on  which 
the  cylinder,  prepared  as  described,  can  force  itself  round ; 
which  are  all  of  the  nature  of  crank  or  cardioid  motions :  both 
of  which,  however,  may  be  referred  to  one  source,  as  they  are 
caused  by  an  apparatus  made  to  protrude  and  retract  alter- 
nately between  two  centres,  one  of  which  revolves,  and  the  other 
is  fixed. 

The  first  of  these  principles  stated  by  the  patentee,  (which  he 
calls  a  cardioid  motion,  though  it  is  more  properly  a  crank  mo- 
tion,) effects  the  rotatory  movement  by  the  action  of  a  moving 
groove  on  a  fixed  centre ;  which  groove  is  placed  at  right  angles 
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to  the  cylinder,  in  a  frame  that  is  connected  with  piston-rods 
proceeding  from  the  opposite  ends  of  the  cylinder,  and  of  course 
partakes  of  their  alternating  motion. 

The  second  principle  consists  of  the  operation  of  the  ends  of 
piston-rods^  proceeding  from  the  opposite  extremities  of  the 
cylinder,  on  the  outside  of  the  rim  of  a  large  wheel,  whose 
centre  is  placed  at  the  distance  of  about  half  the  stroke  of  the 
piston  from  the  axis  of  the  cyhnder.  The  rim  of  the  wheel 
projects  so  as  to  extend  to  the  line  of  the  piston-rods,  which  are 
bent  round  to  support  friction-wheels  outside  it,  that  alternately 
come  in  contact  with  steps  on  the  rim,  and  by  them  force  round 
the  wheel,  by  a  cardioid  motion  ;  or,  in  other  words,  by  a  motion 
similar  to  that  which  levers  would  cause,  when  made  to  press 
Biternately  on  the  outside  of  a  heart- wheel. 

The  third  principle  is  a  variety  of  the  second,  and  consists 
in  making  the  large  wheel  before-mentioned  revolve  on  a  ring, 
supported  by  friction-wheels,  which  includes  within  its  circum- 
ference the  axle  of  the  revolving  cylinder.  A  species  of  this 
last  mode  is  mentioned  by  the  patentee,  that  deserves  particular 
notice,  in  which  the  ring  is  large  enough  to  include  within  it  the 
cylinder  and  protruded  piston-rods,  and  is  to  be  placed  in  the 
plane  of  the  piston-rods,  and  at  right  angles  to  the  axis  of  the 
cylinder. 

The  fourth  principle  consists  in  the  action  of  the  piston  rods, 
arranged,  as  first  mentioned,  against  the  inside  of  a  heart-shaped 
ring,  placed  vertically  with  its  apex  downwards,  one  half  of 
which  ring  is  moveable  outwards  by  being  suspended  from  a 
hinge  at  its  upper  end.  The  axis  of  the  revolving  cylinder  is 
placed  in  one  of  the  centres  of  this  cardioid-ring ;  and  the  ends 
of  the  piston-rods,  furnished  with  friction-wheels,  press  alter- 
nately on  the  fixed  and  on  the  moveable  sides  of  the  ring,  and 
thus  produce  the  rotative  motion. 

A  fifth  mode,  mentioned  by  the  patentee  as  a  variety  of  the 
first,  deserves  to  be  noticed  by  itself  for  its  greater  simplicity: 
it  consists  of  a  crank  a  quarter  the  length  of  the  stroke,  or  a 
fixed  centre  placed  at  that  distance  from  the  axis  of  the  cylinder, 
from  which  a  rod  passes  to  the  top  of  the  piston-rod.  In  this 
method,  and  also  in  the  first,  a  strong  iron  knee  proceeds  from 
the  fixed  centre  to  support  the  gudgeon-end  of  the  axis  of  the 
revolving  cylinder,  or  that  end  which  is  opposite  to  its  per- 
forated extremity.  The  end  of  this  knee  next  the  fixed  centre 
is  driven  tight  into  a  piece  of  cast-iron  and  keyed  fast,  which 
piece  is  bolted  down  to  a  beam  of  wood  that  supports  it.  The 
fixed  centre  lies  between  the  angle  of  this  knee  and  its  support. 

The  advantages  of  steam-engines,  constructed  on  these  prin- 
ciples, over  common  engines,  the  patentee  mentions  to  consist 
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in  saving  the  power  lost  in  the  motion  of  heavy  a:igine-b6amS| 
parallel  apparatus,  valves,  hand*gear  for  moving  valves,  and 
plug-frames,  none  of  which  are  used  in  his  engines;  and  in  the 
great  simplification  of  machinery,  which  arises  from  their  re- 
moval. The  patentee  also  states,  that  the  ponderous  flv-wheel, 
used  to  regulate  the  motion  in  other  engines,  may  in  bis  be  in 
a  great  measure  dispensed  with. 

The  editor  of  the  "  Retrospect,"  from  the  thirty-second  num- 
ber of  which  the  preceding  account  of  Mr.  Witty'&  contrivances 
is  taken,  adds, 

"  When  any  good  method  is  adopted  for  preventing  the  tend* 
ency  to  bend  the  piston,  which  an  arm  at  right  angles  used  to 
force  round  the  engine  would  occasion,  in  tne  manner  before 
explained,  then  the  fifth  or  last  method  described  would  seem  to 
be  preferable  to  most  of  the  others,  on  account  of  its  greater 
simplicity,  and  its  having  less  friction  than  ihem. 

"  On  the  contrary,  the  method  in  which  the  grooved  frame 
is  used  seems  the  worst,  on  account  of  the  binding,  or  increased 
friction,  which  grooves  acted  on  by  oblique  impulses  always 
undergo,  especially  when  the  degree  of  the  obliquity  approaches 
so  very  near  a  dii*ection  perpenaicular  to  the  groove,  as  it  does 
on  this  occasion ;  which,  added  to  the  defect  before  stated, 
would  occasion  a  very  great  waste  of  the  force  of  the  engine. 

"Of  all  the  methods,  however,  in  the  state  in  which  they  are 
described  by  the  patentee,  those  two,  in  each  of  which  the 
cylinder  revolves  within  a  ring  that  surrounds  it  in  the  plane 
of  the  piston-rod,  at  right  angles  to  the  axia  of  the  revolving 
cylinder,  appear  the  most  advantageous;  because  in  them  less 
of  the  force  is  lost  in  oblique  movements,  and  the  piston-rods 
sufier  no  injury  from  any  part  of  the  machinery  tending  to 
produce  lateral  impulses. 

"  Of  these  two  methods,  that  with  the  revolving  ring  appears 
to  be  preferable,  from  its  causing  less  friction,,  and  proaucing 
a  more  free  motion ;  and  as  the  revolving  ring  might  be  likewise 
made  to  perform  the  office  of  a  fly-wheel,  it  would  also  be 
simpler.  A  mode  (not  mentioned  by  the  patentee)  of  applying 
the  smaller  ring,  that  extends  only  far  enough  to  include  the 
axis  of  the  cylinder,  and  is  described  first  in  the  account  of  the 
third  principle  of  the  patent,  seems  also  preferable  to  the  fixed 
ring,  and  nearly  if  not  fully  equal  to  the  revolving  ring,  from 
the  simplicity  of  construction  of  which  it  renders  the  engine 
capable. 

**  The  advantages  stated  by  the  patentee,  that  engines  on 
these  principles  possess  in  comparison  with  othei*s,  seem  in 
most  respects  justly  represented :  but,  on  the  other  band,  it 
must  be  observed  that  there  is  much  more  force  lost,  in  even 
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tlie  best  of  the  methods  pronl^sed,  fr6m  the  obliquity  of  the  im- 
pulse of  the  moving  powet*  to  the  motion  produced,  than  in  the 
beam  engine  and  crank ;  as  the  latter  acts  in  two  points  of  the 
revolution  at  right  angles  to  the  crank,  or  in  the  direction  of  the 
motion  produced,  which  is  the  most  advantageous  direction; 
while  in  none  of  the  plans  proposed  by  the  patentee  does  the 
impulse  come  much  nearer  tne  direction  of  the  produced  motion, 
than  what  would  Ibrm  with  it  an  angle  of  forty-five  degrees. 

"  We  must  differ  from  the  patentee  also,  as  to  the  capability 
which  he  supposes  his  engines  afford  of  dispensing  with  fly- 
wheels ;  thinking,  on  the  contrary,  that  from  the  great  variation 
of  the  force  producing  the  rotary  motion,  in  various  parts  of 
the  revolution  (on  account  of  the  great  difference  in  the  obli- 
quity of  its  direction)  the  fly-wheel  would  be  absolutely  neces- 
sary to  produce  equable  rotative  motion  in  them. 

*'  But  notwithstanding  that  some  loss  of  force  would  be  caused 
by  the  obliquity  of  the  impulse  to  the  direction  of  the  motion 
(as  before  mentioned),  we  think  that  very  useful  and  powerful 
engines  may  be  formed  on  the  principles  invented  by  the 
patentee,  when  they  obtained  those  modifications,  which  prac- 
tice and  experience  in  constructing  them  will  point  out ;  and 
that  next  to  Mr.  iVIead's  plan  for  a  rotative  steam  engine,  these 
of  the  patentee  are  by  far  the  most  ingenious  yet  laid  before 
the  public.  We  also  think,  that  in  point  of  simplicity,  and  in 
the  facility  of  their  being  kept  in  order,  and  having  the  stuffing 
kept  tight,  and  renewed  when  wanted,  they  are  superior  to  Mr. 
Mead's  engine:  and  that  the  species  of  them  which  revolves 
with  a  simple  crank  motion,  and  that  with  the  larger  outside 
revolvitig  ring,  if  not  some  of  the  other  kinds,  may  be  afforded 
at  a  considerably  lower  price  than  Mr.  Mead's,  or,  when  the 
mode  of  making  them  is  brought  to  perfection,  than  most  other 
steam-engines,  on  account  of  the  number  of  parts  and  the 
quantity  of  framing  used  in  other  engines,  that  may  be  omitted 
in  their  construction." 

10.  The  theory  of  steam-power  in  reference  to  the  mechanicai 
energy  of  engines  is  as  yet  in  a  very  imperfect  state.  The 
best  tormulae  which  we  have  hitherto  seen  are  exhibited  by 
Mr.  Tredgold,  in  his  judicious  and  valuable  work  on  Kail- 
roads.  As  they  are  found  to  furnish  results  which  agree  very 
nearly  with  those  of  experiment,  we  shall  insert  them  here. 

If  y"  be  the  measure  of  the  force  of  steam  in  inches  of  the 
mercurial  column,  and  t  the  corresponding  temperature  mea- 
sured on  Fahrenheit's  thermometer  ;y  the  resistance  from  the 
friction  of  the  steam  piston,  and  the  uncondensed  vapour  in 
the  cylinder,  or  the  atmospheric  pressure  in  high-pressure  en- 
gines, and  n  the  bulk  or  capacity  of  the  steam  cylinder,  when 
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the  balk  of  the  steam  admitted  at  the  pressure  /*is  unity.  Then 
the  power  of  the  steam  generated  from  a  cubic  foot  or  water  is 

4873  (459  +  t)  x  (1  -  •^)  +  hyp.  log.  n). 

When  the  steam  does  not  act  by  expansion  n  =  1. 

When  the  expanding  force  of  the  steam  is  employed,  the  above 
equation  has  a  maximum,  which  will  obtain  when  hyp.  log.  «  — 

-2L-  is  a  minimum,  which  is  evidently  the  case  when  n  =  -— 
In  that  case,  inserting  jp  for  ti,  we  have 

4878  (469  +  0  •  (*^yP-  l^g.  jr  = 

the  maximum  power  of  a  cubic  foot  of  water  converted  into 
steam. 

Wheny=y',  then  hyp.  log.  -^  =  0,  and  the  power  is 

nothing. 

And,  when  1  —  -^  is  greater  than  hyp.  log.  -^  it  is  disad- 

vantageous  to  work  by  expansion. 

11.  To  calculate  the  quantity  of  fuel,  let  c  be  the  quantity 
which  converts  a  cubic  foot  of  water  into  steam  that  will  bear 
the  preasure  of  the  atmosphere;  let  s  be  the  specific  heat  of  the 
steam,  a  the  specific  heat  of  the  air  and  smoke  which  escape 
up  the  chimney,  and  w  the  weight  of  fuel  that  will  heat  one 
cubic  foot  of  water  one  degree :  then 

c  +  [(^-212^)  X   {a  +  s)w]  =: 
the  least  quantity  of  fuel  that  will  produce  steam  of  the  forcey 
and  temperature  t. 

Mr.  Tredgold,  by  assuming  c  =  8*4  lbs.  of  Newcastle  coals, 
w  =  0075  lbs.,  5  =  -847,  and  a  =  '753,  reduces  the  pre- 
ceding to  8-4  +  012  (t  -  219^)  ==  the  lbs.  of  coal  to  produce 
steam  of  the  temperature  t. 

IS.  For  a  high-pressure  engine,  taking  30  inches  for  the 
measure  of  atmospheric  pressure,  -^  of  the  pressure  of  the  steam 
for  the  friction  of  the  steam  piston,  and  ^j^for  the  plus  pres- 
sure in  the  boiler,  the  whole  loss  becomes  ^^.  But  one  side 
of  the  piston  of  a  high-pressure  engine  is  acted  upon  by  the 
same  pressure  as  that  of  the  external  atmosphere :  hencey^  tr 
iy+  30  z:  the  resistance  to  the  moving  force ^ 

Consequently,  when  a  high-pressure  engine  is  worked  ex- 
pansively, we  have 

4873  (459  +  t)  x  (hyp.  log.  -^^)   = 

the  mechanical  power  of  a  cubic  foot  of  water  converted  into 
steam. 

Hence  there  is  no  advantage  in  making  a  high-pressure 
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steam-engiQe  work  expansively,  when  the  force  of  the  steam  is 
less  than  60  inches  of  the  mercurial  column ;  because  the  above 

hyp.  log.  is  then  less  than  1   -  i^~^  • 

When  an  engine  does  not  employ  the  expansive  power  of 
steam,  we  have 

'       4873  (459  +  t)  x  {I  -  ^^y^)  = 

the  mechanical  power  of  a  cubic  foot  of  water  converted  into 
steam. 

Mr.  Tredgold  illustrates  these  formulae  by  the  following 
example :  Let  the  force  of  the  steam  be  120  inches  of  mercury; 
the  corresponding  temperature  is  S9S-8**.     Then 

4873  (469  +  292-8)  x  (I   -  ^±JLML±J2)  = 

IaU  / 

1,8309000  lbs.  raised  one  foot  high. 

The  quantity  of  coal  is  84  +  012  (292-8  -  212)  =z 
9-37  lbs.  of  coal. 

Now  if  the  horse  power  be  16,000,000  lbs.  raised  one  fodt 
in  a  day  of  8  hours,  then 

1,830,000,  :  9-37  lbs.  :  :  16,000,000  :  82  lbs. 
Therefore,  Working  with  steam  of  44i  lbs.,  on  the  square  inch 
on  the  piston,  above  the  pressure  of  the  atmosphere,  82  lbs.  of 
Newcastle  coal  ought  to  do  the  day^s  work  of  a  horse. 

But  if  the  engine  works  expansively  with  the  same  force  of 
steam,  then 

4873  (459  +  292-8)  x  (hyp.  log.  2)  =  2,540,000  lbs. 
raised  one  foot  high  by  9*37  lbs.  of  coal ;  and  consequently 
59  lbs.  of  coal  ougnt  to  do  the  day's  work  of  a  horse. 

13.  With  regard  to  the  maximum  of  useful  effect  in  steam- 
engines,  it  will  be  found,  according  to  Mr.  Tredgold,  hy  taking 
V  =  120v/?,  for  the  working  velocity  of  an  engine  in  feet  per 
minute,  /  being  the  length  of  the  stroke  in  feet. 

If  an  engine  has  a  2  feet  stroke,  then  t;  =  170  feet  per 
minute,  and  the  number  of  strokes  per  minute  42i. 

By  increasing  the  stroke  to  3-4  feet  we  get  a  velocity  of  220 
feet  per  minute,  with  32  strokes  per  minute. 

If  any  variation  be  made  from  the  maximum  power,  the  de- 
crease of  effect  is  the  same  as  in  horse  power ;  but,  as  Mr.  T. 
remarks,  we  have  this  advantage  in  an  engine ;  it  can  be  made 
for  any  velocity,  by  attending  to  the  relative  proportions  of 
its  parts ;  those  of  a  horse  we  cannot  alter. 

14.  A  horse,  when  he  treads  a  mill-path  at  the  rate  of  Si- 
miles an  hour,  will  on  an  average  raise  about  150  lbs.  by  a  cord 
hanging  over  a  pulley  ;  which  is  equivalent  to  33,000  lbs.  one 
foot  high  in  an  hour.  Bouiton  and  Watt  estimate  this  at  3^,000; 
Tredgddf  still  lower,  at  27,600.     Taking  the  first  measure. 
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however^  as  a  basis  of  comparison ;  puCtiiig  d  for  the  dlaineter 
of  the  piston  in  inches,  p  for  the  pressure  of  the  steam  upon 
each  square  inch  (diminished  usually  by  about  f  for  frictioo 
and  inertia),  I  for  the  length  of  the  stroke  of  the  piston  in  feet, 
n  for  the  number  of  strokes  in  a  minute :  then,  the  power  of 
the  engine  in  "  horse-powers/'  (HP),  is 
(HP)  =  00002^8  d«  n;?  Z,  if  it  be  a  single  stroke\  „  -^^ 
(HP)  r:  0000476  d^  np  I,  ifit  be  a  double  stroke  J  ®"g*°®- 

Example. — Suppose  d  zi  20  inches,  /  =  3  feet  n  =  36,  p 
zz.  50,  and  the  engine  one  of  double  stroka     Then 
•0000476  X  20«  X  36  X  50  X  3  3=  102-816,  or  nearly  103 
horse-powers,  the  measure  of  the  energy  of  the  engine. 

Mr.  Boulton  states  that  1  bushel  of  >]^ewcastle  coals,  contain- 
ing 84  pounds,  will  raise  30  million  pounds  1  foot  high ;  that 
it  will  grind  and  dress  1 1  bushels  of  wheat;  that  it  will  slit  and 
draw  into  nails  5  cwt.  of  iron ;  tlmt  it  will  driye  1000  cotton 
spindles,  with  all  the  preparation  machinery,  with  the  proper 
velocity ;  and  that  these  effects  are  equivalent  to  the  work  of 
10  horses. 

15.  Tlie  rule  usually  given  to  adjust  the  weight  of  the^- 
zf?heel  is  this:  Multiply  the  number  of  horse-powers  in  the 
machine  by  2000 ;  divide  the  product  by  ^  square  of  the 
velocity  in  feet,  per  second,  of  the  fly's  circumference;  the  quo- 
tient will  give  its  weight  in  hundredweights. 

Or,  2000  (HP)  ^  Q-^)  «  =  weight  of  fly. 

Thus,  suppose  the  fly-'wheei  of  a  $<)  horse-power  engine  to 
be  1 8  feet  diameter,  and  to  revolve  22  times  in  a  minute ;  what 
should  be  its  weight  ? 

„  18  X  3-1416  X  22         «^.  j.    ^  i  »      v       r    • 

Here, ^^ =  20^  feet  nearly,  velocity  of  circum- 
ference per  second. 

Whence    ^^  ^     90  4  cwt.  of  the  fly-wheel  i-equired* 

It  is  much  to  be  regretted  that  in  tlie  country  where  all  the  great 
and  essential  improvements  in  steam  engines  have  been  made, 
and  where  so  noble  a  species  of  mechanism  was  in  vented^  there  is 
no  sufficiently  copious  treatise  on  their  construction  and  history. 
What  is  here  given  is  a  mere  collection,  correct,  it  is  hoped,  but 
very  limited.  They  who  wish  to  go  farther  into  this  interesting 
inquiry  may  turn  to  the  article  Steam-^«^/w^  in  the  Encyclo- 
pcedia  Britannica^  the  Pantologia,  and  Brewster^s  Fergitsorfs 
Lectures  >•  to  the  successive  volumes  of  the  Repertory  of  Arts 
and  Manufactures,  to  the  J(Jd  volume  of  Prony,  Architecture 
H^draullque^  and  to  Hachette,  Traile  des  Machines^  and  the 
Histories  of  the  Steam  Engine  by  Partington  and  Stuart^ 
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both  of  which^  considering  their  limits^  are  instructive  and  in- 
teresting. 

Steam-^oo^^. — One  of  the  earliest  projects,  to  wply  the 
force  of  steam  to  the  purpose  of  propelling  boats,  was  in  1736, 
when  a  patent  was  taken  out  for  a  boat  to  be  moved  by  steam. 
The  next  was  that  of  Mr.  Symington.  In  his  boat,  by  placing 
the  cylinder  nearly  in  a  horizontm  position,  the  introduction  of 
a  beam  is  avoided.  The  piston  is  supported  in  its  position  by 
friction-wheels,  and  communicates,  by  means  of  a  joint,  with  a 
crank,  connected  with  a  wheel,  which  gives  the  water-wheel,  by 
means  of  its  teeth,  a  motion  somewhat  slower  than  its  own  :  the 
water-wheel  serving  also  as  a  fly.  This  water-wheel  is  situated 
in  a  cavity  near  the  stern,  and  in  the  middle  of  the  breadth  of 
the  boat,  so  that  it  becomes  necessary  to  have  two  rudders,  one 
on  each  side,  connected  together  by  rods,  which  are  moved  by 
a  winch  near  the  head  of  the  boat,  so  that  the  person  who 
attends  the  engine  may  also  steer. 

Mr.  Symington  has  likewise  placed  an  arrangement  9f 
stampers  at  the  head  of  the  boat,  for  the  purpose  of  breaking 
the  ice  on  canals^  an  operation  often  attended  with  great  labour 
and  expense.  These  stampers  are  raised  in  succession  by  levers, 
the  ends  of  which  are  depressed  by  the  pins  ^f  wheels  turned 
by  an  axis  communicating  with  the  water-wheel.  A  drawing 
of  this  steam-boat  is  given  by  Dr.  Young  in  the  1st  vol.  of  his 
Natural  Philosophy. 

Steam-boats  are  now  very  numerous  on  the  British  coasts 
and  principal  rivers.  The  following  account  of  the  steam-boats 
on  the  Clyde,  by  Mr.  Robertson  Buchanan,  of  Glasgow,  was 
published  in  No.  203.  of  Tilloch's  Philosophical  Magazine. 

"  So  early  as  the  year  1801,  a  vessel  propelled  by  steam  was 
tried  on  the  Forth  and  Clyde  inland  navigation,  but  was  l^ 
aside,  among  other  reasons,  on  account  of  the  injury  it  threat-^ 
ened  the  banks  of  the  canal  by  the  agitation  of  the  water :  and 
as  far  as  I  can  learn,  the  same  objection  still  subsists  to  the 
use  of  steam-boats  on  artificial  canals  so  narrow  as  those  usual 
in  Great  Britain.  That  objection,  however,  I  should  think,  does 
not  apply  to  some  of  those  of  Holland  and  other  countries  on 
the  contment. 

"  The  first  attempt  on  any  scale  worthy  of  notice,  to  navi- 
gate by  steam  on  the  river  Clyde,  was  in  the  year  IS  12  *.  A 
passage-boat  of  about  40  feet  keel  and  10^  feet  beam,  having  a 
steam-engine  of  only  three  horses'  power,  began  to  ply  on  the 


*  The  first  steam-boat  in  America  was  launched  at  New  York  on  the  3d  of  October 
1807,  and  began  to  ply  on  the  river  between  that  city  and  Albany,  a  distance  of  about 
120  miles. 
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river.     Since  that  period  tlie  number  of  boats  has  gradually 
increased. 

**  Besides  three  vessels  which  have  left  the  Clyde,  there  are 
six  at  present  plying  on  the  river,  two  of  which  carry  goods  as 
well  as  passengers.  They  have  on  the  whole  been  gradually 
increased  in  tonnage  as  well  as  in  the  power  of  their  engines ; 
and  still  larger  boats  and  more  powerful  engines  are  now  con- 
structing :  among  others  one  of  about  100  feet  keel  and  17  feet 
beam  with  an  engine  of  24  horses'  power ;  and  one  of  equal 
burthen,  having  an  engine  of  30  horses'  power.  These  boats 
are  all  neatly  fitted  up,  and  some  of  them  even  elegantly  de- 
corated. 

^^  On  board  all  the  passage  steam-boats  are  newspapers, 
pamphlets,  books,  &c.  for  the  amusement  of  the  passengers,  and 
such  refreshments  as  are  desirable  on  so  short  a  voyage,  a 
distance  of  about  26  miles  by  water,  and  24  by  land. 

"  The  voyage  betwixt  Glasgow  and  Greenock,  including 
stoppages  at  intermediate  places,  is  commonly  accomplished  in 
from  three  to  four  hours,  the  vessels  taking  advantage  of  the  tide 
as  far  as  circumstances  will  permit :  but  as  they  start  at  different 
hours  from  the  same  place,  they  are  sometimes  obliged  to  go 
part  or  nearly  the  whole  of  their  voyage  against  the  tide. 

'*  The  voyage  has  been  accomplished  in  2^  hours ;  the  tide 
being  favourable,  but  against  a  moderate  breeze  of  contrary 
wind*. 

"At  first,  owing  to  the  novelty  and  apparent  danger  of  the 
conveyance,  the  number  of  passengers  was  so  very  small  that 
the  only  steam-boat  then  on  the  river  could  hardly  clear  her  ex* 
penses  :  but  the  degree  of  success  which  attended  that  attempt 
Ln  commanded  public  confidence.  The  number  of  passen- 
gers  which  now  go  in  those  boats  may  seem  incredible  to  those 
who  have  not  witnessed  it.  Travelling  by  land  has  not  only 
been  •  nearly  superseded,  but  the  communication  very  greatly 
increased,  owing  to  the  cheapness  and  facility  of  the  conveyance. 
Many  days,  in  fine  weather,  from  500  to  600  have  gone  from 
Glasgow  to  Port-Glasgow  and  Greenock,  and  returned  in  the 
same  day.  One  of  the  boats  alone  has  been  known  to  carry  247 
at  one  time.  The  increase  of  travelling  in  consequence  of  na- 
vigation by  steam  may  be  estimated  by  the  number  that  went 
in  the  common  passage-boats  before  the  introduction  of  this 
agent :  at  that  time,  the  highest  estimate  even  for  summer  did 
not  much  exceed  50  up  and  50  down,  and  those  generally  of 
the  lower  class  of  the  people.     The  number  that  then  went  by 

*  The  time  which  was  allowed  to  the  mail-coach  to  go  between  those  towns  was  34 
hours,  but  owing  to  extraordinary  exertion  some  of  the  coaches  now  run  that  distance 
in  about  2^  hours. 
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coaches  may  be  thus  estimated :  four  coaches  up  and  four  down^ 
which  might  average  six  passengers  each. 

"  In  the  summer,  the  pleasure  of  the  voyage  and  the  beauty 
of  the  scenery  attract  multitudes  i  and  the  bathing-places  be- 
low Greenock  have,  in  consequence  of  th^  easy  passage,  been 
crowded  beyond  former  example.*" 

"  General  Description, — A  variety  of  modes  of  propelling 
steam-boats  by  the  power  of  steam-engines  have  been  projected, 
and  many  of  them  tried :  but  those  on  the  Clyde  have  their 
machinery  all  constructed  on  one  general  plan  ;  namely,  that  of 
paddle-wheels  similar  to  under-shot  water-mill  wheels  on  each 
side  of  the  vessel,  which  are;  put  in  motion  by  the  steam- 
engine. 

'*  Plate  XXX.  fig.  4.  An  elevation  :  a  side  view  showing  one 
of  the  paddle  wheels. 

Fig.  5.  A  plan,  showing  the  extent  of  cabin  floor. 

A.  The  fore  or  second  cabin. 

BBi  Space  for  the  machinery, 

c.  The  iron  chimney,  serving  also  as  a  mast. 

D.  The  boiler. 

EE.  The  steam-engine. 

G.  The  crank. 

H.  The  fly-wheel. 

II.  The  paddle-wheels. 

K.  Ladies'  cabin. 

L.  Steward's  room. 

M.  Principal  cabin. 

NN.  Stairs  down  to  the  cabins, 

oo.  Water  closet, 

pp  &c.  Gangway. 

QQg.  Seats  at  stern  and  on  the  deck. 

R.  The  rudder. 

s.  Covering  of  paddle-wheels." 

One  of  the  most  ingenious  kinds  of  steam-boats,  both  in  its 
own  construction  and  in  its  machinery,  is  that  which  has  been 
recently  brought  into  use  at  the  Ihtndee  Ferry,  between  the 
counties  of  Fife  and  Forfar,  in  Scotland.  A  very  interesting 
account  of  this  ferry,  and  the  boats  employed,  has  been  published 
in  Jamieson^s  Edinburgh  Journal^  by  Captain  Basil  Hall ;  from 
this  we  make  the  following  extracts. 

**  It  will  give  a  good  idea  of  the  importance  of  this  ferry,  to 
state  the  exact  number  of  passengers,  cattle,  &c.  which  crossed 
in  the  year  1824. 


Foot  Passengers. 
100,536' 


Carriages.  I  Gigs.  I  Cattle.  I   Sheep.   1  Horses. 
ISO       I    474   I  6,fVi7    I   15,449  |    4,777 


Loaded  Carts. 
s?,564 
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The  distance  from  Dandee  to  Newport, lin  a  straight  line, 
is  one  statute  mile  and  a  little  more  than  a  half,  or  very  nearly 
^,760  yards.  At  certain  times  of  tide,  the  passage  cannot  be 
made  directly  across,  owing  to  the  mud-banks  which  lie  nearly 
in  the  middle  of  the  stream ;  so  that  the  average  distance  o€ 
the  passage,  allowance  being  made  for  the  set  of  the  tide,  may 
be  stated  at  about  two  miles  and  a  third.  This  passage  is  made 
by  the  twin-boat  in  seventeen  minutes,  at  an  average,  in  neap 
tides ;  and  in  twenty-three  at  spring  tides.  In  very  blowing 
weather,  it  sometimes  takes  from  thirty  to  fifty  minutes,  and 
once  it  took  an  hour.  During  1824,  the  passage  was  never  in- 
terrupted for  one  whole  day ;  and  it  was  only  five  times  de- 
tained throughout  the  whole  year,  owing  to  hard  westerly  gales 
during  the  ebb  tide. 

"  There  are  two  steam-boats  belonging  to  the  ferry,  one  of 
which  is  employed  at  a  time,  except  in  harvest,  when  the  reapers 
come  down,  or  at  the  seasons  when  numerous  droves  of  cattle 
come  from  the  north.  On  these  occasions,  both  are  put  in  re- 
quisition, though  not  absolutely  necessary,  in  order  to  avoid  the 
possibility  of  delay.  In  order  still  farther  to  meet  the  public 
convenience,  a  pinnace,  with  four  able  seamen,  is  stationed  at 
each  side  of  the  ferry,  for  the  purpose  of  affording  a  passage  to 
travellers  who  are  unwilling  to  wait  for  the  periodical  sailing  of 
the  steam-boat.  These  boats  are  also  in  attendance  during  the 
night,  when  the  steam-boat  has  ceased  to  ply. 

"  As  the  twin-boat  is  very  little  known  as  yet  in  this  country, 
an  account  of  one  may  possibly  prove  interesting,  if  not  useful 
to  some  readers.  There  are  some  material  differences  between 
the  two  boats  at  Dundee  ;  but  that  last  built  being  the  most  per- 
fect of  the  two,  a  description  of  her  will  be  the  most  satisactory. 

**  She  is  called  the  George  the  Fourth,  is  90  feet  long  over 
all,  and  29  broad  ;  she  has  6  feet  8  inches  depth  of  hold  ;  and 
draws,  when  light,  4^  feet  of  water, — and,  when  loaded,  rarely 
more  than  5  feet  4  inches.  She  is  of  the  double  kind  of  steam- 
boat, with  a  single  paddle-wheel,  working  in  the  middle,  be- 
tween two  divisions,  or  separate  smaller  boats,  placed  parallel 
to  one  another,  at  the  distance  of  8  feet  apart.  Over  these  two 
divisions  are  placed  horizontal  lieams,  covered  by  a  deck,  the 
planks  of  which,  instead  of  being  placed  fore  and  aft,  in  the 
usual  way,  cross  the  vessel  from  side  to  side,  and  thereby  con- 
tribute greatly  to  the  strength  of  the  whole.  To  a  person 
standing  on  the  deck,  she  appears  to  be  but  one  vessel.  At 
each  end,  there  is  a  space  railed  off  for  cattle,  one  33  feet  by 
27  i,  the  other  27^  by  2 1 .  From  80  to  90  head  of  cattle  is  her 
average  load ;  but,  upon  one  occasion  in  fine  weather,  she  ac- 
tually carried  103  cattle,  and  3  horses.     In  the  middle  part  of 
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the  deok^  between  tlie  spaces  allotted  for  cattle  and  carriages, 
tliere  is  ample  space  for  foot  passengers,  for  whom  also,  in  rainy 
weather,  there  are  two  commodious  cabins.     The  machinery  of 
the  two  steani^ugines  (each  of  20  horse  power)  is  concealed 
below ;  but  the  paddle-wheel,  being  14  feet  in  diameter,  neCes^ 
sarily  rises  considerably  above  the  deck,  where  it  is  covered  by 
a  wooden  case.  This  wheel  is  7  feet  wide,  and  is  immersed  18 
inches  in  the  water.     It  is  a  matter  of  perfect  indifference 
which  end  of  the  boat  goes  foremost^  both  being  alike  in  all 
rejects.     As  the  method  of  fixing  the  rudders,  one  of  which 
is  fixed  at  each  end,  is,  of  course,  different  from  that  of  a  ship, 
it  may  be  useful  to  describe  it  particularly.     The  rudder  is  a 
plate  of  iron  4^  feet  long,  and  3  feet  deep.     It  is  fastened  to  a 
vertical  spindle,  reaching  from  the  midcile  of  the  stem  to  the 
water.     In  the  first  boat  employed  in  the  Tay,  the  rudder  was 
attached  by  one  end  to  the  spindle,  so  that,  when  she  was  in 
motion,  its  whole  length  trailed  behind.     But  this  rudder  being 
found  difficult  to  move,  a  device  was  adopted  which  answers 
the  purpose  perfectly.     The  spindle,  instead  of  joining  the 
rudaer  at  the  end,  is  fixed  to  it  at  one-third  of  the  length ;  so 
that,  when  the  vessel  is  in  motion,  two^thirds  are  abaft,  and 
one-third  before  the  spindle,  resembling  a  large  weather-cock, 
or  vane  inverted.     A  horizontal  wheel  is  fixed  to  the  upper 
extremity  of  the  spindle,  and  this  is  turned  by  a  wheel  and 
pinion  by  the  steersman.     Both  the  divisions  composing  each 
twin-boat  are  flat-bottomed,  have  perpendicular  sides,  and  are 
sharp-bowed ;  the  angle  at  which  the  two  bows  meet  at  the  ex- 
tremities being  60^,  ample  room  is  allowed  for  the  escape  of  the 
back-water.     The  rudaer  is  placed  in  the  middle  point  between 
the  two  stems ;  and,  of  course,  lies  directly  in  the  centre  of 
the  current  of  back-water  thrown  out  by  the  paddle-wheel. 
The  steersman  stands  on  a  raised  platform,  above  the  taffrail, 
from  whence  he  commands  a  clear  view  over  the  paddle-case. 
There  are  no  masts ;  and  the  only  resistance  which  is  offered  to 
the  wind  is  from  the  chimneys  ot  the  engines. 

'^  Though  the  manner  in  which  the  two  engines  of  a  steam- 
boat are  made  to  act  in  concert  be  known  to  every  person  at 
all  acquainted  with  the  subject,  it  may  perhaps  interest  some 
readers  to  describe,  in  a  popular  way,  the  beautiful  device  by 
which  this  object  is  accomphshed.  The  paddle-wheel  is  moved 
by  one  continuous  shaft,  to  which  both  engines  give  their  im- 
pulse, by  means  of  two  cranks,  or  bends  in  it,  formed  so  as  to 
be  at  right  angles  to  each  other.  Thus  when  one  of  the  cranks 
is  either  quite  up,  or  quite  down,  and  consequently  the  power 
of  the  engine  connected  with  it,  for  the  moment,  entirely  gone, 
the  other  crank  niust  be  in  a  horizontal  position,  and  the  power 
of  its  engine  will  be,  for  the  same  moment,  at  a  maximum. 
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The  result  therefore  is,  that,  precisely  in  proportion  as  one  en- 
gine loses  power,  the  other  gains  it ;  and,  consequently^'lfhe 
united  effect  of  the  two,  ags^inst  the  resistance,  at  every  instant 
of  their  action,  is  virtually  equal  to  the  constant  power  of  one 
of  them  at  its  greatest ;  so  that,  whether  the  engine  be  moving 
fast  or  slow,  or  the  resistance  great  or  small,  the  same  uniform 
force  is  exerted. 

"  At  each  of  the  landing  places,  there  have  been  built  low- 
water  piers ;  along  the  sides,  or  across  the  ends  of  which,  the 
steam- boat  can  be  placed  at  any  time  of  the  tide,  and  during  all 
weathers ;  so  that  passengers  and  cattle  are  embarked  with  as 
much  ease  as  if  they  were  going  along  a  bridge ;  while  carriages 
and  carts  drive  in  on  one  side  of  the  river  and  out  again  on  the 
other,  without  removing  the  horses.  The  utmost  attention  is 
paid  to  the  hours  of  departure.  Three  minutes  before  the 
town  clock  of  Dundee  strikes  the  hour,  a  bell  is  rung  on  board 
the  boat ;  and  the  instant  the  hour  is  told,  the  paddle-wheel 
begins  to  move,  and  the  vessel  to  glide  from  the  pier.  In  like 
manner,  when  the  half  hour  strikes  at  Newport,  she  quits  the 
opposite  pier  ;  and  so  on  from  sun-rise  to  sun-set ;  her  crossings 
and  recrossings  never  being  interrupted.  To  insure  the  con- 
stancy of  this  essential,  but  very  difficult  point,  an  able  and  ac- 
tive superintendent  has  been  appointed,  with  a  handsome  salary^ 
and  a  house  on  the  spot :  his  exclusive  business  is  to  arrange 
the  whole  details  of  the  passage,  and  to  prevent  all  unnecessary 
delays.  A  collector  also  is  appointed,  a  gentleman  who,  in  like 
manner,  residesr  constantly  on  the  spot,  and  attends  exclusively 
to  the  money  department.  In  consequence  of  the  vigilance  of 
these  two  officers,  acting  under  the  judicious  regulations  which 
the  trustees  have  from  time  to  time  established,  it  is  most  worthy 
of  remark,  that,  however  great  the  crowd  of  cattle,  carriages, 
or  passengers  may  be,  not  the  least  delay  or  confusion  ever 
arises,  either  at  the  embarkation  or  relanding. 

^^  On  board  the  boat  the  system  is  equally  perfect :  there  is 
a  coxswain,  an  engineer,  five  seamen,  and  a  fireman.  Long 
practice  has  given  to  those  people  so  exact  a  knowledge  of  the 
power  which  is  in  their  hands,  that  this  huge  and  apparently 
unwieldy  boat  is  moved  about  with  a  celerity  and  precision 
altogether  astonishing.  To  a  stranger,  however  much  accus- 
tomed he  may  have  been  to  the  wonders  of  machinery  elsewhere, 
the  effect  is  truly  magical.  The  steam-boat,  or,  more  properly, 
this  great  double  raft,  is  discovered  advancing  at  the  rate  of 
seven  or  eight  miles  an  hour,  directly  for  the  snore,  threading 
her  course  like  a  little  skiff  amongst  the  vessels  lying  in  her  way. 
In  a  few  seconds  she  arrives,  still  at  full  speed,  close  to  the  shore. 
In  the  next  instant  she  is  arrested,  by  a  touch  of  the  engineer's 
hand,  as  suddenly  as  if  she  had  struck  upon  a  rock ;  and  is 
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placed,  by  the  sole  instrumentality  of  her  invisible  machinery, 
close  by  the  side  of  the  pier,  with  as  much  accuracy  as  if  sne 
were  in  a  dock,  and  as  much  gentleness  as  if,  instead  of  being 
made  of  stout  oak  and  iron,  she  were  formed  of  glass.  In  a 
moment,  two  great  folding  gangways  are  lowered  down,  and  her 
side  being  thus  thrown  open,  cattle,  horses,  passengers,  all 
walk  out,  and  find  themselves  on  land,  with  scarcely  any  cir- 
cumstance having  occurred  to  indicate  they  had  been  on  the  water. 

'^  A  very  admirable  contrivance,  the  invention  of  Messrs.  J. 
and  C.  Carmichael  of  Dundee,  has  been  affixed  to  the  machinery 
of  these  twin-boats,  by  which  all  these  movements  are  rendered 
extremely  simple;  and  I  am  happy  to  have  prevailed  upon 
them  to  favour  the  world  with  a  description  of  this  apparatus.^* 

It  is  exhibited  in  figs.  6,  7,  8,  pi.  XLIY . ;  and  the  minutiae 
of  the  construction  will  be  learnt  from  Messrs.  CarmichaePs  ac- 
count below. 

"  The  object  of  the  contrivance  we  are  about  to  describe  is 
to  regulate  the  motions  of  the  steam-vessel  in  a  more  easy  man- 
ner than  heretofore.  By  the  simple  motion  of  a  small  handle, 
or  index,  placed  on  a  table  upon  deck,  in  view  and  in  hearing 
of  the  man  at  the  helm,  and  of  the  master  of  the  vessel,  every 
movement  which  the  engine  is  capable  of  giving  to  the  paddle- 
wheel  may  beat  once  commanded.  The  vessel  may  be  moved 
forwards  or  backwards, — or  may  be  retarded,  or  entirely  stopped, 
at  any  given  moment,  by  merely  turning  the  handle  to  the 
places  denoted  by  the  graduations  of  a  dial-plate.  No  skDl  is 
required  for  this  purpose,  so  that  the  master  himself,  or  a  s£ulor 
under  his  directions,  can  perform  the  office  as  well  as  the  ablest 
engineer.  Thus,  the  confusion  which  frequently  arises  at  night 
in  calling  out  to  the  engineer  below  is  avoided,  and  any  ambi- 
guity arising  from  the  word  of  command  being  transmitted 
through  several  persons  entirely  prevented.  In  point  of  fact,  it 
places  the  ensine  as  much  und.er  command  as  the  rudder  is, — 
an  undoubted  improvement  upon  the  clumsy  method  of  bawling 
out  to  the  engineer  below,  who  either  may  not  hear,  or  may 
chance  to  be  out  of  the  way, — circumstances  which  may  lead  to 
the  most  serious  accidents. 

"  The  different  parts  of  the  machinery  are  not  exactly  arranged 
in  the  sketch  as  they  are  executed  in  said  boat,  but  we  hope 
that  the  principle  will  be  better  understood  from  having  ar- 
ranged them  so  as  they  can  be  better  seen  in  the  sketch,  Plate 
XLIV. 

"  The  cylinder  and  jacket  are  cast  in  one  piece,  connected  at 
the  bottom,  but  altogether  disconnected  at  the  top  when  cast,— 
the  vacancy  between  the  two  is  closed  at  the  top  by  an  iron  ring, 
and  hemp  or  rust  packing  in  th&  joints.     The  steam  from  the 
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boiler  enters  between  the  cylinder  and  jacket^  by  the  branch  a, 
passes  round  the  cylinder,  and  communioates  with  the  side>pipe 
c  .of  the  valve^ests  by  the  branch  B,  but  cannot  enter  the  cy- 
linder when  the  steam-valves  DD  are  shut.  The  eduction-valves 
EE  are  situate  below  the  steam-valves. 

"  The  steam-valve  rods  work  through  a  flax  packing  at  ?f, 
and  are  made  hollow,  to  allow  the  eduction  valve-rods  to  pass 
up  the  centre  of  them, — ^they  are  also  made  air-tight  by  a  flax 
packing  at  gg. 

"  The  valve-lifters  hhhh  are  fast  upon  the  lifter-rods  u, 
only  one  of  which  can  be  properly  seen  ;  the  foot  of  the  one 
farthest  from  the  eye  is  seen  at  the  rocking-shaft.  One  of  these 
rods  lifts  the  upper  steam-valve  and  lower  eduction- valve ;  and 
the  other  the  lower  steam-valve  and  upper  eduction-valve.  The 
lower  steam-valve  and  upper  eduction-valve  are  represented  as 
lifted  in  the  sketch. 

'*  The  rocking-shaft  k  turns  and  returns  upon  its  centre 
about  40®,  and  having  two  spanners  (or  pallets)  l,  projecting 
from  it  upon  opposite  sides,  cause  the  lifter-rods  and  the  valves 
connected  with  them  to  rise  alternately. — The  lifter-rods  fall 
by  their  own  weight,  and  when  the  pallets  are  horizontal,  all 
the  valves  are  shut,  and  lor  an  instant  of  time  are  at  rest. 

*^  The  rocking-shaft  receives  its  motion  from  an  eccentric- 
wheel  M,  fastened  on  the  crank-shaft.  The  fixing  of  this  wheel 
with  relation  to  the  crank  and  valves  is  a  point  of  consider- 
able nicety,  as  upon  this  depends  the  opening  and  shutting  of 
the  valves  at  the  proper  time. 

'*  The  eccentric-rod  n,  is  supported  on  the  crank-shaft  by  a 
projecting  part  on  each  side  of  the  eccentric-wheel,  turned  con- 
centric with  the  shaft  by  the  brass  pieces  o.  The  four  rods  p, 
pass  through  these  brass  pieces,  and  slide  freely  in  them.  This 
part  is  shown  in  the  section  at  Fig.  2.,  with  part  of  the  crank 
(or  paddle)  shaft,  and  the  crank  on  one  end.  The  other  end 
of  the  eccentric-rod  is  supported  on  the  roller  q  ;  and  as  the 
crank-shaft  turns  round,  the  eccentric-rod  travels  backwards 
and  forwards  a  distance  equal  to  double  the  eccentricity  of  the 
eccentric  wheel,  and  as  the  said  rod  is  connected  with  the 
rocking-shaft  by  the  double-ended  spanner  kr  on  one  end  of 
it,  consequently  the  rocking-shaft  will  travel  from  one  extre- 
mity of  its  arch  of  motion  to  the  other,  in  the  same  time  that 
the  crank-shaft  makes  half  a  revolution,  or  in  the  same  time  that 
the  steam-piston  travels  from  the  top  to  the  bottom  of  the  cy- 
linder, or  from  the  bottom  to  the  top.  The  steam-piston  is 
represented  in  the  middle  of  the  cylinder,  and  as  the  lower 
steam-valve  and  upper  eduction-valve  are  open,  the  piston  must 
be  ascending^  and  as  the  crank  is  connected  with  the  opposite 
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end  of  the  walkiBg-beam  (or  lever)^  the  crank  will  be  descend* 
ing.  By  the  time  that  the  piston  has  reached  the  top^  and  the 
crank  the  bottom,  the  rodLiDgshaft  will  be  in  that  position 
where  the  pallets  upon  it  are  horizontal,  and,  of  course,  all  the 
Talves  will  be  shut.  But  the  momentum  of  the  paddle  (or  fly) 
wheel  carries  on  the  motion,  and  immediately  the  two  valves 
that  were  formerly  shut,  viz.  the  upper  steam-valve  and  lower 
eduction-valve,  are  opened,  and  the  steam  presses  down  tlie 
piston  with  a  force  equal  to  the  difference  between  its  own 
elasticity  and  the  elasticity  of  the  uncondensed  vapours  below 
the  piston.  Thus  the  engines  will  continue  to  go,  and  the 
paddle-wheel  to  turn  in  the  direction  of  the  dart. 

^^  But  that  we  may  endeavour  to  explain  to  you  the  method 
of  stopping  or  reversing  the  motion  of  the  paddle-wheel,  all 
that  is  necessary  is  to  sliut  all  the  valves ;  and  this  is  effected  by 
disengaging  the  eccentric-rod  from  the  spanner  of  the  rockin:;- 
shaft,  and  tne  valves  all  shut  of  their  own  accord,  by  the  weignt 
of  the  valves,  lifter  rods,  &c.,  and  the  engine  will  stand  :  and  to 
set  the  engine  agoing,  either  the  one  way  or  the  other,  is  to 
lower  the  eccentric- rod,  to  take  hold  of  the  double-^nded  span-  ^ 
ner  on  the  end  of  therocking-shaft,  as  represented  on  the  sketch, 
and  then  the  paddle- wheel  will  move  in  the  direction  of  the  dart, 
or  lift  the  eccentric-rod  to  the  top  of  the  spanner  on  the  rock- 
ing shaft,  and  then  the  paddle-wheel  will  move  in  the  opposite 
direction.  The  use  of  the  sector  formed  appendages  t,  on  the 
end  of  the  eccentric-rod,  is  to  conduct  the  pins  on  the  ends  of 
the  double-ended  spanner  into  the  notches  adapted  for  them  on 
each  side  of  the  eccentric  rod ;  the  form  of  which  is  better 
seen  detached,  at  Fig.  8. 

'*  The  hand-gearing,  for  starting  or  stopping  the  engines,  is 
situated  upon  the  deck  of  the  boat,  and  all  concentrated  upon 
the  top  of  a  small  table  in  view,  and  in  hearing  of  the  man  at 
the  helm,  or  the  master,  who  directs  both,  when  coming  to  the 
quay. 

"  1,  a  double-ended  handle,  which  is  upon  the  upright  shaft 
2,  on  the  lower  end  of  which  is  a  bevel-wheel  8,  working  into 
another  wheel  4 ;  this  wheel  is  on  a  lying  shaft,  which  extends 
froni  the  one  engine  to  the  other,  and  carries  on  each  end  of 
it  a  spur-pinion  5,  which  pinion  works  into  the  rack  6.  There 
is  a  similar  rack  connected  with  the  eccentric-rod  of  the  other 
engine,  into  which  the  other  spur-pinion  works,  so  that,  by 
turning  the  handle  1,  both  engines  can  be  started,  stopped,  or 
reversed,  with  the  greatest  facility  and  certainty  that  could  be 
wisl^  for.  These  bevel-wheels,  spur-pinions,  and  racks,  must 
be  'proportioned  to  one  anoUier,  as  that  two  complete  turns 
of  the -handle  1  raises  the  eccentric-rod  from  the  lowest  to  the 
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highest  position.  One  turn  of  the  handle  raises  or  lowers 
the  eccentric- rods  into  the  stopping  position,  and  one  turn, 
either  the  one  way  or  the  other,  as  circumstances  require  it, 
sets  the  boat  ahead  or  astern.  There  is  a  projecting  piece  7, 
fixed  upon  the  upright  shaft,  which  catches  into  a  notch,  pressed 
by  a  spring,  which  supports  the  racks  and  eccentric-rods,  at 
any  of  the  three  positions  that  may  be  required. 

"  As  the  said  upright  shaft  makes  two  turns,  and  always 
stops  at  the  same  point,  it  is  not  suitable  for  the  index.  To 
remedy  this,  there  is  a  small  pinion  8,  below  the  table,  working 
into  a  wheel  9,  with  four  times  the  number  of  teeth,  for  carry- 
ing the  index  10.  This  wheel,  making  but  half  a  revolution 
for  two  revolutions  of  the  upright  shaft,  makes  the  index  upon 
its  arbour  stand  fore  and  aft  when  the  engines  are  going,  and 
thwart  ships  when  the  eccentric-rods  are  set  in  the  standing 
position. 

"  The  index  11  is  connected  with  the  regulating-valve  12 
by  rods  and  spanners,  and  turned  by  hand,  as  circumstances 
require. 

'*  The  index  13  is  connected  with  the  injection-cock  by  rods 
and  spanners,  it  being  always  shut  before  the  engines  are  stop- 
ped, and  opened  when  the  engines  are  started.  Each  engine 
las  separate  gearing  for  the  regulating  valves  and  injection- 
cocks,  and  graduated  circles  on  brass  plates,  to  show,  by  in- 
spection, the  position  in  which  they  are  standing. 

"  When  the  engines  stand  for  some  time,  it  is  necessary  to 
let  the  steam  pass  freely  through  them  for  two  or  three  seconds, 
on  purpose  to  heat  them,  and  expel  any  air  that  may  have  got 
inside.  For  this  purpose,  the  long  handle  14,  standing  by  the 
side  of  the  table,  is  fixed  to  a  shaft  1 5,  which  goes  across  the 
front  of  both  engines,  and  by  four  short  spanners  (or  pallets) 
upon  it,  lifts  all  the  valves  of  both  engines,  and  allows  the  steam 
to  pass  freely  through  them  by  the  air-pump  valves.  The  en- 
gineer knows  by  the  sound  when  to  replace  the  handle  in  the 
position  shown  in  the  sketch ;  and  having  previously  set  the 
index  for  the  head  or  stern  motioii  in  the  direction  wanted, 
and  adjusted  the  steam-regulating  index,  theJast  thing  he  has 
got  to  do  is  to  open  the  injection-cocks,  and  iu: mediately  the 
^  engines  start  in  the  direction  wanted."" 

STEEL-YARD,  an  instrument  used  for  weighing  goods, 
&c.;  the  theory  of  which  was  concisely  stated  in  art:  138  of  our 
first  volume,  and  succeeded  by  a  few  remarks  on  its  conve- 
niences and  inconveniences.  In  addition  to  what  was  there 
observed,  we  may  now  state,  that  steel-yards,  in  the  ( ommon 
purposes  of  commerce,  have  two  advantages  over  balances. 
1.  That  their  axis  of  suspension  is  not  loaded  with  any  other 
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weight  than  that  of  the  merchandise^  the  constant  weight  of 
the  apparatus  itself  excepted  ;  while  the  axis  of  the  balance, 
besides  the  weight  of  the  instrument,  sustains  a  weight  double 
to  that  of  the  merchandise.  '2,  The  use  of  the  balance  requires 
a  considerable  assortment  of  weights,  which  cause  a  propor- 
tional increase  in  the  price  of  the  apparatus,  independently  of 
the  chances  of  error  which  it  multiplies,  and  of  the  time  em- 
ployed in  producing  an  equilibrium.  These  motives  inducted 
C.  Paul,  inspector  of  weights  at  Geneva,  to  employ  his  thoughts 
on  the  means  of  so  far  improving  steel-yards,  that,  either  in 
delicate  operations  of  the  arts,  or  in  those  of  the  same  kind 
which  are  often  so  necessary  in  the  practice  of  physical  sciences, 
these  instruments  might  be  substituted  with  advantage  for 
common  balances.  '  in  order'  that  we  may  better  explain  in 
what  the  improvement  of  these  steel-yards  consists,  it  will  be 
proper  to  point  out  what  were  the  faults  of  the  common  ones. 

1  •  There  were  none  of  them,  in  which  the  points  of  suspen- 
sion were  exactly  in  the  prolongation  of  the  line  of  the  divi- 
sions of  the  beam  ;  a  circumstance  which  necessarily  changed 
the  relation  between  the  arms  of  the  lever,  the  power,  and  the 
resistance,  according  as  the  direction  of  the  beam  was  changed 
from  a  horizontal  position .  We  have  seen  steel-yards,  in  which 
a  degree  only  of  difierence  in  the  inclination  of  the  beam  pro- 
duced the  difierence  of  more  than  a  pound  in  the  result. 

£.  When  the  shell,  the  beam,  and  weight,  are  made  at  hazard,^ 
a  person  who  possesses  a  steeUyard  cannot  know  when  the  in- 
strument is  deranged ;  and  even  an  artist  cannot  repair  it,  but 
by  repeated  trials,  and  with  a  great  loss  of  time. 

3.  The  construction  of  the  common  steel-yards,  which  have 
a  small  and  a  large  side,  renders  it  necessary  to  invert  them 
frequently ;  a  laborious  operation  when  these  instruments  are 
heavy,  and  which  exposes  the  axes  to  the  danger  of  damage  by 
the  effect  of  the  shocks  which  that  turning  occasions. 

As  these  double  sides  render  it  necessary  to  have  a  beam  very 
straight,  in  order  that  it  may  be  less  faulty,  it  readily  bends, 
whicn  is  a  new  source  of  error ;  and,  the  face  which  bears  the 
numbers  being  narrow  in  proportion,  it  is  difficult  to  form  on 
it  numbers  sufficiently  visible.  These  inconveniences  are  all 
avoided  by  the  construction  of  C.  Paul,  which  presents,  be- 
sides, several  other  advantages  not  possessed  by  the  old  steel- 
yards. 

.  1 .  The  centres  of  the  movement  of  suspension,  or  the  twa 
constant  centres,  are  placed  on  the  exact  line  of  the  divisions  of 
the. beam ;  an  elevation  almost  imperceptible  in  the  axis  of  th& 
beam,  destined  to  compensate  for  the  very  slight  flexion  of  the 
bar,  alone  excepted. 
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2*  The  opparatofiy  by  the  construction  of  the  beam,  is  ba- 
lanced below  it»  centre  of  motion ;  so  that  when  no  weight  is 
suspended,  the  beam  naturally  remains  horizontal,  and  resumes 
that  position  when  removed  m)m  it,  as  also  when  the  steel-yard 
is  loaded  and  the  wei^t  is  at  the  division,  which  ought  to  show 
how  much  the  merchandise  weighs.  The  horizontal  situation 
in  this  ateeUyard,  as  well  as  in  the  others,  is  known  by  means 
of  the  tongue,  which  rises  vertically  above  the  axis  of  sus- 
pension. 

3.  It  may  be  discovered  that  the  steel-yard  is  deranged,  if, 
when  not  loaded,  the  beam  does  not  remain  horizontal. 

4.  The  advantage  of  a  great  and  a  small  side  (which  in  the 
others  augments  the  extent  of  their  pow^  of  weighing)  is  sup- 
plied by  a  very  simple  process,  which  acc6mplishes  the  same 
end  with  some  additional  advantages.  This  process  is  toemploy, 
on  the  same  division,  different  weights.  The  numbers  of  the 
divisions  on  the  bar  point  out  the  degree  of  heaviness  expressed 
by  the  corresponding  weights.  For  example,  when  the  large 
weight  of  the  large  steeUyard  weighs  18  pounds,  each  (^vision 
it  passes  over  on  the  bar  is  equivalent  to  a  pound  ;  the  small 
weight,  weighing  eighteen  times  less  than  the  large  one,  will 
represent,  on  each  o«  these  divisions,  the  eighteenth  part  of  a 
pound  or  ounce ;  and  the  opposite  &ce  of  the  bar  is  marked  by 
pounds  at  each  eighteenth  aivision.  In  this  construction,  there- 
fdre,  we  have  the  advantage  of  being  able,  by  employing  both 
weights  at  once,  to  ascertaib,  for  example,  alm^  within  an 
ounce^  the  weight  of  500  pounds  of  merchandise.  It  will  be 
sufficient  to  add  what  is  indicated  by  the  small  weight  in  ounces, 
to  that  of  the  large  one  in  pounds,  after  an  equilibrium  has 
been  obtained  by  the  position  of  the  two  weights,  viz.  the  larse 
one  placed  at  the  next  pound  below  its  real  weight,  and  the 
small  one  at  the  division  which  determines  the  tramber  of 
ounces  to  be  added. 

5.  As  the  beam  is  graduated  only  on  one  side,  it  may  have 
•  the  form  of  a  thin  bar,  which  renders  it  much  less  susceptible 

of  being  bent  by  the  action  of  the  weight,  and  affords  room  for 
making  the  figures  more  visible  on  both  the  faces. 

6.  In  these  steel-yards  the  disposition  of  the  axes  is  not  only 
such  that  the  beam  represents  a  madbematical  lever  without 
weight ;  but  in  the  principle  of  its  division,  the  interval  between 
every  two  divisions  is  a  determined  and  aliquot  part  of  Ae 
distance  between  the  two  fixed  points  of  sui^p^sion ;  and  each 
of  the  two  weights  employed  has  for  its  absolute  weight  the 
unity  of  the  weight  it  represrats,  multiplied  by  the  number  of 
the  divisions  contained  in  the  interval  between  the  two  consitaiit 
centres  of  motion.     Thus,  supposing  the  arms  of  the  steelyard 
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divided  in  such  a  manner  that  ten  divisicM^s^re  exactly  contained 
in  the  distance  between  the  two  constant  centres  of  motion^  a 
weight  to  express  the  pounds  on  each  division  of  the  beam  must 
really  weigh  ten  pounds ;  that  to  point  out  the  ounces  on  the 
same  division  must  weigh  ten  ounces,  &c.  So  that  the  same; 
steel-yard  may  be  adapted  to  any  system  of  measures  whatever, 
and  in  particular  to  the  decimal  system^  by  varying  the  absolute, 
heaviness  of  the  weights,  and  their  relation  with  each  other*. 
The  application  of  this  principle  will  be  seen  hereafter  in  the 
description  of  the  steel-yard,  to  wliich  C.  Paul,  with  ^*eat  pro^ 
priety,  has  given  the  name  q{  universal  steel-yard. 

But  to  trace  out,  in  a  few  words,  the  advantages  of  the 
steel-yards  constructed  by  C*  Paul  for  commercial  purposes^  we 
shall  only  observe,  1.  That  the  buyer  and  seller  are  certain  of 
the  correctness  of  the  instrument,  if  the  beam  remains  hori- 
zontal when  it  is  unloaded  and  in  its  usual  position.  2.  That 
these  steel-yards  have  one  suspension  less  than  the  old  ones,  and 
are  so  much  more  simple,  3.  That  by  these  means  we  obtain, 
with  the  greatest  facility,  by  employing  two  weights,  the  exaci 
weight  of  merchandise,  with  all  the  approximation  that  can  be 
desired,  and  even  with  a  greater  precision  than  that  given  by 
common  balances.  There  are  few  of  these  which,  when  loaded 
with  500  pounds  at  each  end,  give  decided  indications  of  an» 
ounce  variation ;  and  the  steel-yards  of  C.  Paul  possess  that  ad* 
vantage,  and  cost  one-half  less  than  balances  of  equal  dominion. 
4.  In  the  last  place  we  may  verify,  every  moment,  the  justness 
of  the  weights,  by  the  transposition  which  their  ratio  to  each 
other  will  permit ;  for  example,  by  observing  whether,  when 
the  weight  of  one  pound  is  brought  back  one  division,  and  the 
weight  of  one  ounce  carried  forwards  eighteen  divisions,  the 
equilibrium  still  remains.  . 

If,  instead  of  ascertaining  the  weight  of  the  merchandise  m 
pounds,  you  wished  to  find  it  according  to  the  system  of  deca- 
grammes, hectogrammes,  and  kilogrammes,  it  would  be  sufficient 
to  substitute,  for  the  ordinaiy  weights,  an  assortment  of  three 
weights  bearing  the  above  names.  These  three  weights  are  the 
decuple  one  of  the  other ;  and  the  absolute  weight  of  diat 
called  kilogramme  is  to  the  absolute  weight  of  that  called 
pound,  in  the  exact  ratio  of  these  two  quantities.  It  may  be  her^ 
seen,  that,  by  adapting  to  the  steel-yard  a  system  of  three 
weights,  we  may  arrive  at  the  second  decimal,  or  the  centiemes 
of  the  Hnity  of  the  weights  employed,  and  even  without  adding 
or 'changing  any  thing  in  the  division  of  the  b^m. 

It  is  on  this  simple  and  advantageous  principle  that  C.  Paul 
has  constructed  his  universal  steel-yard.  It  serves  for  weu^mff 
in  the  usual  manner,  and  according  to  any  system  of  weighte,  aU 
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ponderable  bodies,  to  the  precision  of  Haifa  grain  in  the  weight 
of  a  hundred  ounces ;  that  is  to  say,  of  a  ten-thousandth  part. 
It  is  employed,  besides,  for  ascertaining  the  specific  gravity  of 
solids,  of  liquids,  and  even  of  the  air  itself,  by  processes  ex- 
tremely simple,  and  which  do  not  require  many  sub-divisions 
in  the  weights. 

The  beam  of  this  steel-yard  when  unloaded  rests  in  equili- 
brio  in  a  horizontal  position.  The  shears  are  suspended  by 
a  screw  to  a  cross  horizontal  bar  of  wood  supported  by  two 
vertical  pillars,  which  rest  on  the  two  extremities  of  a  small 
wooden  box  furnished  with  three  drawers,  and  which  serves 
as  a  stand  of  the  apparatus.  This  beam  is  divided  into  200 
equal  parts,  beginning  at  its  centre  of  motion.  The  division 
is  differently  marked  on  the  two  faces :  on  the  anterior  face, 
the  numbers  follow  each  other  from  10  to  200,  proceeding  to- 
wards the  extremity ;  and  on  the  other  face,  the  numbers  are 
marked  in  the  opposite  direction.  We  shall  soon  explain  the 
use  of  this  difference  in  the  order  of  numeration. 

A  small  vertical  frame  hangs  from  the  cross-bar  nearly  at  the 
further  extremity  of  the  steel-yard,  and  is  destined  to  prevent  the 
oscillation  of  the  beam ;  it  is  placed  at  the  proper  height  by 
means  of  the  nut  and  screw  by  which  it  is  suspended.  Above 
the  beam  is  a  small  cross-bar  of  brass,  suspended  by  its  two 
extremities  from  the  cross-bar  of  wood.  Different  weights  are 
hooked  to  it,  each  having  marked  on  it  its  particular  value. 
And,  in  the  last  place,  a  small  mercurial  thermometer,  having 
the  two  most  usual  divisions,  viz.  Fahrenheifs  and  Reaumur's, 
and  destined  to  point  out  the  temperature  of  the  air  and  the 
water  during  the  experiments.  The  axis  of  suspension  of  the 
steel-yard  rests  upon  two  beds  of  very  hard  well- polished  steel. 
The  case  is  the  same,  but  in  a  reversed  situation,  with  the  axis 
which  supports  the  hook,  that  serves  for  suspending  different 
parts  of  the  apparatus,  according  to  the  purpose  to  which  it  is 
to  be  applied. 

When  you  wish  to  employ  it  as  a  common  steel-yard,  you 
suspend  from  it  a  brass  shell,  which  is  an  exact  counterbalance 
for  the  weight  of  the  beam  when  unloaded.  The  latter  then 
assumes  of  itself  a  horizontal  situation.  You  then  search  for 
the  equilibrium  of  the  substance  put  into  this  shell,  by  positing 
at  the  proper  place,  on  the  beam,  the  weight  and  its  fractions 
corresponaing  with  the  system  of  weights  adopted ;  and  when 
you  have  found  the  equilibrium,  you  observe  the  weight  indi- 
cated by  the  divisions  on  which  each  of  the  weights  employed 
is  found,  exactly  in  the  same  manner  as  is  done  in  regard  to  the 
common  steel-yard. 

There  is  also,  as  part  of  the  apparatus,  a  glass  shell  suspended 
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t)ccasionally  in  a  jar  filled  to  a  certain  height  with  water.  This 
shell  is  intended  for  experiments  relative  to  the  specific  gravity 
of  solids.  It  is  in  equilibrium,  if,  when  immersed  into  water  at 
20®  of  Reaumur,  as  far  as  the  junction  of  the  three  silver  wires 
by  which  it  is  supported,  it  exactly  balances  the  weight  of  the 
beam  unloaded. 

When  you  wish,  then,  to  try  the  specific  gravity  of  a  solid, 
you  first  weigh  it  in  air  ;  but  fjy  putting  it  into  the  brass  shell, 
and  then  substituting  the  glass  one,  you  weigh  it  in  water.  It 
is  well  known  that  thediflPerence  of  these  weights,  employed  as 
a  divisor  of  the  total  weight  in  air,  gives  for  quotient  the  spe- 
cific gravity.  Care  must  be  taken,  as  in  all  experiments  of  the 
kind,  that  no  bubble  of  air  adheres  to  that  part  of  the  apparatus 
immersed  in  the  w^ater,  or  to  the  substance,  the  weight  of  which 
is  required,  and  which  is  immersed  also. 

There  is  likewise  a  solid  glass  ball  destined  for  the  purpose 
of  ascertaining  the  specific  gravity  of  liquids^  in  the  following 
manner : — This  piece  is  furnished  with  a  hook  of  fine  gold,  that 
it  may  be  immersed  without  inconvenience  in  acids.  When  it  is 
suspended  to  the  hook  of  the  steel-yard,  and  in  the  air,  it  is  in 
equilibrium  with  the  beam  loaded  at  its  extremity  (either  at  the 
division  marked  0  (nothing)  on  the  backside  of  the  beam)  with 
weights  entitled  specific,  and  -^4^  of  specific  hooked  on  at  the 
other. 

This  ball,  immersed  in  distilled  water  at  \9P  of  Reaumur  as 
far  as  the  end  of  the  straight  metal  wire  which  suspends  it,  is 
still  in  equilibrium,  with  these  two  weights  placed  in  the  fol- 
lowing manner,  viz.  the  large  one  at  the  division  in  the  middle 
of  the  beam  marked  waier  on  the  backside  of  the  beam,  and  the 
small  one  at  the  division  O,  that  is  to  say,  the  extremity. 
When  the  apparatus  is  thus  prepared,  you  fill  a  jar  with  th^ 
liquid,  the  specific  gravity  of  which  you  wish  to  ascertain ; 
suspend  the  glass  ball  to  the  hook  of  the  steel-yard,  and  immerse 
it  into  the  liquid  till  it  rises  exactly  above  the  ring  from  which 
the  ball  hangs,  observing  the  temperature,  and  disengagipg 
carefully  ail  the  air- bubbles  that  may  adhere  to  the  ball ;  then 
remove  the  small  weight  to  the  division  0  at  the  end  of  the 
beam,  and  convey  the  large  one  as  far  as  that  division,  pre- 
ceding that  where  the  weight  of  the  ball  would  raise  the  beam  ; 
and  afterwards  move  the  small  weight  as  far  as  the  division 
where  the  equilibrium  will  be  restored,  the  beam  being  hori- 
zontal. Mark  the  division  at  which  the  large  weight  is  found, 
and  add  two  cyphers ;  to  this  number  add  the  indication  imme^- 
diately  resulting  from  the  position  of  the  small  weight,  and  the 
«um  of  these  two  numbers  gives  'the  specific  gravity  of  the 
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liquid,  or  its  ratio  with  the  weight  of  distilled  water,  to  a  ten- 
thpusaj[i^th  part 

The  larger  balloon  is  used  in  trying  the  weight  of  any  ffi ven 
j^ind  of  gas  compared  with  that  of  atmospheric  air,  in  the  follow- 
ing manner : — The  weight  entitled  air-tare  is  arranged  in  such 
a  manner  that  when  placed  in  a  notch,  at  the  further  extremity 
of  the  beam  beyond  the  divisions,  it  forms  an  equilibrium  with 
the  balloon  exhausted  by  the  air-pump  and  suspended  from 
the  book  of  the  steel-yard.  If  the  steel-yard  is  not  then  in 
equilibrium,  it  is  an  indication  that  the  instrument  is  deranged, 
or  that  the  vacuum  is  not  perfect.  The  air,  the  relative  weight 
of  which  in  regard  to  atmospheric  air  you  wish  to  ascertain,  is 
to  be  introduced  into  the  balloon,  and  the  weight  marked  air 
is  to  be  i;noved  along  the  beam.  The  division  at  which  it 
stands  when  an  equilibrium  is  produced  will  indicate,  in 
hundredth  parts  of  the  weight  of  the  volume  of  atmospheric  air 
that  could  be  contained  in  the  balloon,  the  weight  of  the  gas 
actually  inclosed  in  it.  This  indication  is  read  about  the  middle 
of  the  anterior  part  of  the  beam,  where  the  words  atmospheric 
air  are  marked. 

Not  satisfied  with  having  procured  to  philosophers,  and  those 
fond  of  accurate  experiments^  an  instrument  extremely  conve- 
nient for  the  clo3et,  and  of  very  extensive  use,  C.  Paul  has  en- 
deavoured to  render  this  apparatus  portable,  and  has  construct- 
ed various  pocket  steel -yards,  with  which  the  nicest  experiments 
may  be  made,  and  the  quality  of  gold  coip  be  ascertained  by 
the  trial  of  its  specific  gravity.  They  are  constructed  exactly 
on  the  sanie  principles  as  the  Roman  small  steel-yard,  but  are 
necessarily  less  extensive  in  their  use.  They  cannot  be  employ- 
ed, for  example,  in  determining  the  specific  gravity  of  an  aeri- 
form fluid,  and  do  not  extend  beyond  100  deniers  of  weight; 
but  as  they  possess  all  the  advantages  of  a  balance,  besides  those 
Deculiar  to  themselves,  they  are  extremely  convenient  for  phi- 
losophers who  are  obliged  to  travel. 

A  figure  of  this  steel-yard  and  apparatus  may  be  seen  in  Til- 
locfa's  Philos.  Magazine,  vol.  iii. 

A  steel-yard,  or  balance  l)eam,  for  the  accurate  weighing  of 
very  minute  quantities,  for  specific  gravities,  &c.  by  Mr.  J.  H. 
Patten,  has  been  recently  described,  as  below,  in  the  American 
Journal  of  Science. 

"  One  great  objection  to  the  usual  balance  is  the  diflSculty 
of  getting  the  points  of  suspension  of  the  scales  to  be  at  equal 
distances  from  the  point  oJF  suspension  of  the  beam ;  another  is 
the  friction-^this  alone  k  sufficient  to  prevent  the  substapfce  tp 
be  weighed  from  containing  an  ^4?ac^  quantity  of  matter  with 


thfe  weight  used ;  for  suppose  a  beam  to  Ue  6o  nicely  constructed  as 
to  turn  with  the  tenth  of  agrain— now  to  weigh  a  hundresd  grains, 
that  weight  will  b^  pat  into  one  dish  and  the  substance  into  the 
other,  but  the  tenth  of  a  grain  must  be  added  before  the  scale  caii 
turn  perceptibly;  it  therefore  exceeds  onehundred  grains  by  the 
teiith  of  a  grain,  and  the  weights  can  only  be  equivalents  wheti 
the  index  is  at  rest,  which  may  be  any  where  within  the  quan- 
tity required  to  turn  the  beam— sufficiently  accurate  for  all 
common  purposes,  but  not  for  weighing  the  gases  and  taking 
accurately  specific  gravities ;  and  in  analysis,  where  the  weights 
are  often  repeated,  it  amounts  to  considerable.  The  only  ac- 
curate method  is  to  make  the  weight  itself  the  standard ;  as  was 
proposed  by  M.  Borda.  To  do  this  is  the  object  of  the  beafn 
ab  c  (fig.  5.  pi.  XLIV.)  made  of  steel,  sufficiently  strong  but 
light.  The  dish  is  suspended  at  a^  the  beam  itself  upon  an 
axis  at  A ;  at  c  is  the  milled  head  of  a  long  screw  that  is  £tted 
with  a  shoulder  and  axis,  and  goes  through  the  slide  e,  that 
traverses  upon  b  c,  and  carries  flie  weight  a.  Now  suppose  it 
is  wished  to  obtain  ten  grains,  place  that  weight  in  the  dish^ 
and  screw  back  the  weight  d  until  it  exactly  counterbalances 
it.  If  the  weight  be  now  removed  and  a  quantity  of  the  sub- 
stance to  be  weighed  be  substituted  until  the  index  points  to 
where  it  did  at  first,  therie  will  then  be  very  nearly  the  exact 
weight  with  but  a  small  allowance  for  friction  ;  tor  were  this 
beam  a  common  one,  and  so  nicely  constructed  as  to  tiirn  the 
lOOth  part  of  a  grain,  it  would,  by  making  the  distance  from 
a  to  6  four  times  greater  than  from  b  to  d,  the  point  of  suspen- 
sion of  the  weight,  turn  witli  the  400th  part  of  a  grain.  It  is 
apparently  an  ob^tion  that  100  grains  at  a  will  require  400 
at  dj  but  the  fact  is  settled  by  Coulomb,  that  this  kind  of  fric- 
tion does  not  inctease  in  an  equal  proportion  with  the  weights 
used ;  that  is,  if  with  a  pound  in  each  scale,  a  beam  turn  with 
one  grain,  if  there  were  two  pounds  in  each  it  would  not  re- 
quire two  erains. 

^^  This  beam  may  be  used  as  a  steel-yard  by  screwing  the 
weight  d  to  any  number  marked  upon  the  scale,  and  should  a 
greater  quantity  be  required  than  that  marked  in  the  first  line, 
another  weight  doufate  of  d  may  be  substituted.'' 

^KnhYAnx>s  to  ascertcfmcminiidstrenfftky  may  readily  be  at- 
tached to  almost  any  kind  of  machinery  in  which  animals  are  the 
first  movera :  and  it  is  much  to  be  wished  that  experiments  wer6 
fi^uently  made  with  them,  in  order  that  our  knowledge  oh  tfai^ 
point  might  be  increased. 

The  f<9bwing  cositriTance,  falling  under  this  head,  has  been 
lately  proposed  for  determining  the  power  of  hors^  drawing  in 
mills.    Let  ab  (fig.  lo.  pi.  XX  XII.)  be  the  vertical  shaft  to 
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which  the  horizontal  horse-poles  ac,  ad,  are  attached.  Lot 
one  horse  work  the  machine  by  drawing  at  the  ears;  but 
instead  of  the  transverse  splinter-bar,  to  which  the  harness  is 
fixed,  being  simply  hung  upon  the  hook  h,  let  a  good  spring 
steel-yard  be  interposed  between  that  cross-bar  and  the  hook, 
the  graduations  of  which  shall,  when  the  machinery  is  put  into 
motion,  indicate  the  resistance  (in  lbs.)  overcome  by  the  animal, 
including  the  weight  of  the  mass  moved,  the  friction,  &c. 
Near  the  extremity  of  the  opposite  horse-pole  ad,  let  there  be 
fixed  a  strong  and  correct  common  steel-ynrd,  whose  divisions 
shall  show  the  various  weights  from  40  or  50  to  COO  lbs.  and 
whose  centre  of  motion  shall  be  at  the  point^on  the  fixed  stand. 
Let  the  cord  c,  which  is  fastened  to  the  shorter  arm  of  this  steel- 
yard, pass  (with  as  little  friction  as  possible)  over  the  pulley p, 
and  thus,  being  turned  into  the  horizontal  direction,  or  rather 
inclining  a  little  upwards,  let  it  be  fixed  to  the  cross-bar  of  the 
harness  of  a  second  horse,  equal  in  point  of  strength  to  the 
former.  Then,  if  the  two  horses  thus  attached  to  the  ears  e 
and  F  be  made  to  pass  over  the  walk  in  the  same  direction, 
following  each  other  constantly  at  the  distance  of  a  semi-cir- 
cumference ;  while  that  vvhich  draws  at  the  ear  e  overcomes 
the  whole  pressure  and  resistance  opposed  by  the  work,  the  other 
which  draws  at  f  by  the  cord  over  the  pulley  j!?,  will  raise  the 
weight  w  of  the  steel-yard  ;  which,  therefore,  by  being  moved 
to  and  fro  upon  the  army*/,  may  be  brought  to  exhibit  an  exact 
counterpoise,  or  measure  of  the  exertion  and  powerof  the  horse. 
And  in  order  to  ensure  the  greatest  degree  of  accuracy  in  this 
respect,  the  motion  of  the  two  animals  and  the  position  of  the 
weight  w  should  be  so  adjusted,  that  the  same  weight  should  be 
shown  by  the  graduations  both  of  the  spring  and  of  the  lever 
steel-yard.  The  shaking  of  the  machinery  will  in  some  measure 
disturb  the  effect:  but  an  ingenious  manager  of  the  experiments 
will  find  means  of  checking  this  :  and  as  to  the  centrifugal  force 
to  which  the  weight  w  is  exposed,  it  will  never  be  of  material 
consequence  in  any  of  the  slow  motions  which  will  be  produced 
by  this  kind  of  work. 

Each  experiment  should  occupy  the  place  of  a  fair  day"'s  work 
for  the  horses ;  for  the  conclusions  deduced  from  shorter  and 
irregular  efforts  are  always  erroneous  in  excess,  and  should  be 
guarded  against.  The  rate  at  which  the  animals  move  may 
readily  be  ascertained  from  the  known  circumference  of  the  walk, 
and  the  number  of  rounds  they  are  observed  to  make  in  ten  or 
fifteen  minutes. 

A  slight  modification  will  adapt  this  contrivance  to  the  deter- 
mination of  the  power  of  men  pushing  at  the  bars  of  a  capstan ; 
to  this  end  it  will  only  be  necessary  to  have  a  sufficiently  strong 
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frame  in  form  of  a  t,  one  end  of  which  may  be  fastened  to  a 
noose  in  the  cord  passing  round  the  pulley  p^  while  a  man  pushes 
at  the  transverse  bar  of  the  frame,  with  the  same  energy  as  he 
would  employ  at  the  capstan  bar. 

By  means  of  such  steel -yards  properly  applied  to  waggons, 
&c.  upon  tolerably  smooth  roads,  and  .two  horses  marching 
abreast  (one  drawing  the  load,  the  other  raising  the  weight), 
experiments  might  be  instituted  to  ascertain  the  magnitude  of 
the  efforts  of  horses  when  drawing  in  rectilinear  patns. 

In  Desaguliers^s  Experimental  Philosophy,  vol.  1.  some 
steel-yards  are  described,  by  which  the  strength  of  men  may 
be  ascertained  when  standing  still,  and  pulling  or  pushing 
upwards  or  downwards  :  we  had,  at  first,  proposed  to  describe 
them  in  this  place ;  but  as  all  these  contrivances  are  nearly  on 
the  same  principle,  and  may  easily  be  adapted  to  any  particu- 
lar purpose,  we  omit  the  minute^descriptions  and  drawings,  as 
well  as  of  dynamometers^  to  make  room  for  other  subjects. 

STREAM-MEASURERS,  are  instruments  by  which  the  ve- 
locity of  currents  of  water  in  rivers,  milUponds^  &c.  may  be 
determined. 

In  the  introductory  part  of  this  volume,  we  spoke  of  the 
common  and  gross  methods  of  ascertaining  the  velocity  of  run- 
ning water  in  canals,  &c.  But  as  more  scientific  and  accurate 
methods  have  been  devised,  it  seems  proper  to  insert  the  best 
of  them  with  which  we  are  acquainted,  in  this  place. 

1 .  M.  Pitot  invented  a  stream  measurer  of  a  simple  construc- 
tion, by  means  of  which  the  velocity  of  any  part  of  a  stream 
may  readily  be  found.  This  instrument  is  composed  of  two 
long  tubes  of  glass  open  at  both  ends ;  one  of  these  tubes  is  cy- 
lindrical throughout;  the  other  has  one  of  its  extremities  bent 
into  nearly  a  right  angle,  and  gradually  enlarges  like  a  funnel, 
or  the  mouth  of  a  trumpet :  these  tubes  are  both  fixed  in 
grooves  in  a  triangular  prism  of  wood ;  so  that  their  lower  ex- 
tremities are  both  on  the  same  level,  standing  thus  one  by  the 
side  of  the  other,  and  tolerably  well  preserved  from  accidents. 
The  frame  in  which  these  tubes  stand  is  graduated,  close  by 
the  side  of  them,  into  divisions  of  inches  and  lines. 

To  use  this  instrument,  plunge  it  perpendicularly  into  the 
water,  in  such  manner  that  the  opening  of  the  funnel  at  the 
bottom  of  one  of  the  tubes  shall  be  completely  opposed  to  the 
direction  of  the  current,  and  the  water  pass  freely  through  the 
funnel  up  iiito  the  tube,  then  observe  to  what  height  the 
water  rises  in  each  tube,  and  note  the  difference  of  altitudes ; 
for  this  difference  will  be  the  height  due  to  the  velocity  of  the 
stream.  It  is  manifest,  that  the  water  in  the  cylindrical  tube 
will  be  raised  to  the  same  height  as  the  surface  of  the  stream, 
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by  the  hydrosUtic  pt^essui^e :  while  the  water  (entering  from  the 
current  by  the  funnel  into  the  other  tube,  will  be  compelled  to 
rise  above  that  surface  by  a  space  at  which  it  will  be  «iistained 
by  the  impulse  of  the  moving  fluid  :  that  is,  the  momentum  of 
tne  stream  vill  be  in  equilibrio  with  the  column  of  water  sus- 
tained in  cme  tube  above  the  surface  of  that  in  the  other.  In 
estimating  the  vdiocity  by  means  of  this  instrument,  we  must 
have  recourse  to  the  theory  in  art.  439>  &c.  vol.  I.  as  corrected 
by  the  experim^ts  in  art.  460.  Thus,  if  A,  the  height  of  the 
column  sustained  by  the  stream,  or  the  di£Perence  of  neightsin 
the  two  tubes,  be  in  feet,  we  shall  hbve  v  =:  6*5  v''  h^  nearly, 
the  velocity,  per  second,  of  the  stream ;  if  A  be  in  inches,  then 
V  n  22-47  V  A,  nearly. 

It  will  be  easy  to  put  the  funnel  into  the  mo%t  rapid  piurt  of 
the  stream,  if  it  be  moved  about  to  different  places  until  the 
difference  of  altiti^de  in  the  two  tubes  becomes  the  greatest.  In 
some  cases  it  will  happen,  that  the  immersion  of  the  instrument 
will  produce  a  little  eddy  in  the  water,  and  thus  disturb  the 
accuracy  of  the  observation ;  but  keeping  the  instrument  im- 
mersed only  a  few  seconds  will  correct  this.  The  wind  would 
also  affect  the  accuracy  of  the  expmments ;  it  i&,  therefore,  ad- 
v^isable  to  make  them  when  there  is  little  or  no  wind.  By  means 
of  this  instrumeht.a  great  number  of  curious  and  useful  observa- 
tions may  eaisily  be  made :  the  velocity  of  water  at  various 
depths  in  a  canal  or  river  may  be  found  with  tolerable  accuracy, 
and  a  mean  of  the  whole  drawn,  or  they  may  be  applied  to  the 
correcting  of  the  theory  of  waters  running  down  gentle  slopes. 
The  observations  may  likewise  be  applied  to  ascertain  whether 
the  augmentations  of  the  velocities  are  in  proportion  to  the  in- 
crease of  water  passing  along  the  same  canal,  or  what  other  re- 
lation subsists  between  them,  8ic. 

Where  great  accuracy  is  not  required,  the  tube,  with  the  fun- 
nel at  bottom,  will  alone  be  sumcient ;  as  the  surface  of  the 
water  will  be  indicated  with  tolerable  precision,  by  that  part  of 
the  prismatic  frame  for  the  tube  whicti  has  been  moistened  by 
the  immersion. 

M.  Pitot  likewise  proposed  that  a  similar  instrument  should 
be  used  instead  of  a  log  to  determine  the  rate  at  which  a  ship 
«ails.  For  this  purpose^  fdace  in  the  middle  of  the  vessel,  or  as 
near  as  can  be  at  tne  centra  of  its  oscillations,  two  tubes  of 
snetai  of  three  or  four  lines  in  diameter,  one  of  theoo  being 
straight,  the  other  bent  at  bottom,  and  enlarged  into  a  ccmicid 
funnel ;  the  bottoms  of  both  are  to  dip  into  the  wato:  of  the 
sea  in  which  the  vessd  sails,  and  there  will  be  no  evil  to  appre- 
hend from  orifices  so  minute :  into  these  metallic  tubes  are 
dosely  fitted  two  others  of  a  convenient  height  for  the  observa- 
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tion^.  The  water  will  rise  in  the  first  of  these  tubes  up  to  its 
level  on  the  outside  of  the  ship ;  and  in  the  second  up  to  a  cer- 
tain height,  which  will  indicate,  as  above,  the  velocity  of  the  ves- 
sel :  for  the  funnel  being  turned  towards  the  prow  of  the  sfaip) 
it  will,  in  consequence  of  the  motion,  be  affected  in  like  nianii(er, 
as  if  it  were  plunged  into  the  stream  of  a  running  water  ;  and 
thus  the  velocity  of  the  vessel  is  found  by  the  same  theorem  as 
that  of  the  current.  This  method  has  lately  been  re-proposed 
in  this  country,  without  any  acknowledgments  to  M .  Pitot. 
We* do  not,  however,  recommend  its  adoption  aboard  a  ship  ; 
for,  notwithstanding  its  theoretical  ingenuity,  it  is  liable  to  many 
sources  of  error  in  the  practice,  and  would  not,  it  is  probably, 
furnish  more  accurate  measures  of  a  shlp^s  way  than  those  de- 
duced from  the  log. 

2.  Another  good  and  simple  method  of  measuring  the  velo- 
city of  water  in  a  canal,  river,  &c.  is  that  described  by  the  Abb6 
Mann,  in  his  Treatise  on  Rivers,  Philosophical  Transactions, 
vol.  69.  It  is  this : — Take  a  cvlindrical  piece  of  dry  light 
wood,  and  of  a  length  something  less  than  the  depth  of  the  wa- 
ter in  the  river ;  about  one  end  of  it  let  there  be  suspended  as 
many  small  weights  as  may  keep  the  cylinder  in  a  vertical  or 
upright  position,  with  its  head  just  above  water.  To  the  centre 
of  this  end  fix  a  small  straight  rod,  precisely  in  the  direction  of 
the  cylinder's  axis :  to  the  end  that,  when  the  instrument  is 
suspended  in  the  water,  the  deviations  of  the  rod  from  a  per- 
pendicularity to  the  surface  of  it  may  indicate  which  end  of 
the  cylinder  goes  foremost,  by  which  may  be  discovered  th^ 
different  velocities  of  the  water  at  different  depths ;  for  when 
the  rod  inclines  forward,  according  to  the  direction  of  the  cur- 
rent, it  is  a  proof  that  the  surface  of  the  water  has  the  greatest 
velocity ;  but  when  it  reclines  backward,  it  shows  that  the  swift- 
est current  is  at  the  bottom ;  and  when  it  remains  perpendi- 
cular, it  is  a  sign  that  the  velocities  at  the  top  and  bottom  are 
equal. 

This  instrument,  being  placed  in  the  current  of  a  river  or  ca- 
nal, receives  all  the  percussions  of  the  water  throughout  the 
whole  depth,  and  will  have  an  equal  velocity  with  that  of  the 
whole  current  from  the  surface  to  the  bottom  at  the  place 
where  it  is  put  in ;  and  by  that  means  may  be  foundjboth  with 
exactness  and  ease^  the  mean  velocity  of  that  part  of  the  river 
for  any  determinate  distance  and  time. 

But  to  obtain  the  mean  velocity  of  the  whole  section  of  the 
river,  the  instrument  must  be  put  successively  botli  i|^  tb^ 
middle  and  towards  the  sides,  because  the  velocities  at  thos^ 
places  are  often  very  different  from  each  other.  Haying  by 
this  means  found  the  several  velocities,  from  the  spaces  run 
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over  in  certain  times,  the  arithmetical  mean  proportional  oF all 
these  trials,  which  is  found  by  dividing  the  common  sum  of 
them  all  by  the  number  of  the  trials,  will  be  the  mean  velocity 
of  the  river  or  canal .  And  if  this  medium  velocity  be  multipli- 
ed by  the  area  of  the  transverse  section  of  the  waters  at  any 
place,  the  product  will  be  the  quantity  running  through  that 
place  in  a  second  of  time. 

If  it  be  required  to  find  the  velocity  of  the  current  only  at 
the  surface,  or  at  the  middle,  or  at  the  bottom,  a  sphere  of  wood 
loaded,  or  a  common  bottle  corked  with  a  little  water  in  it,  of 
such  a  weight  as  will  remain  suspended  in  equilibrio  with  the 
water  at  the  surface  or  depth  which  we  want  to  measure,  will 
be  better  for  the  purpose  than  the  cylinder,  because  it  is  only 
affected  by  the  water  of  that  sole  part  of  the  current  where  it 
remains  suspended. 

Both  the  cylinder  and  the  globe  may  be  easily  guided  into 
that  part  which  we  want  to  measure,  by  means  of  two  threads 
or  small  cords,  which  two  persons,  one  on  each  side  of  the  ca- 
nal or  river,  must  hold  and  direct ;  taking  care  at  the  same 
time  neither  to  retard  nor  accelerate  the  motion  of  the  instru- 
ment. For  other  contrivances  for  this  purpose,  as  well  as  for 
a  table  of  the  relations  of  velocity  at  the  surface,  bottoms,  &c. 
of  a  stream  or  river,  see  Du  Rimt,  liydrauliquey  tom  1.  and 
Gregory's  Mathematics fo"  Practical  Men,  pp   SOO,  312. 

SUftFACE-PLANiNG  Machlneri/.  In  ( )ctober,  180?,  a  pa- 
tent was  taken  out  by  the  late  Mr.  Joseph  Bramah  for  ma- 
chinery for  the  purpose  of  producing  straight,  smooth,  parallel 
surfaces,  and  curvilinear  surfaces,  on  wood,  and  other  materials 
requiring  accuracy,  in  a  manner  much  more  expeditious  and 
perfect  than  can  be  performed  by  the  use  of  axes,  saws,  planes, 
and  other  cutting  instruments,  used  by  hand.  As  many  par- 
ticulars in  the  specification  of  this  patent  are  highly  curious, 
and  cannot  fail  to  be  very  beneficial,  we  shall  extract  the  greater 
part  of  it  from  the  Repertory  of  Arts  and  Manufactures,  vol. 
il  N.  S. 

"  The  principal  parts  of  my  invention  are  as  follows ;  that  is 
to  say,  to  shorten  and  reduce  manual  labour,  and  the  conse- 
(]uent  expenses  which  attend  it,  by  producing  the  effects  stated 
in  my  patent  by  the  use  of  machinery,  which  may  be  worked  by 
animal,  elementary,  or  manual  force ;  and  which  said  efiects  are 
to  produce  straight,  true,  smooth,  and  parallel  surfaces,  in  the 
preparation  of  all  the  component  parts  of  work  consisting  of 
wood,  ivoiy,  horn,  stone,  metals,  or  any  other  sort  of  materials, 
or  composition  usually  prepared,  and  render  it  (them)  true  and 
fit  for  use,  by  means  of  edge-tools  of  every  description.  I  do 
not  rest  the  merits  of  this  my  said  invention  on  any  novelty 
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in  the  general  principle  of  the  machinery  I  employ,  because  the 
public  benefit  i  propose  will  rather  depend  on  new  effects,  pro- 
duced by  a  new  application  of  principles  already  known,  and 
machinery  already  in  use  for  other  purposes,  in  various  branches 
of  British  manufacture.  This  machinery,  and  the  new  maimer 
of  using  it,  with  some  improvements  in  the  construction,  toge- 
ther with  sundry  tools  and  appendages  never  in  use  before,  are 
paiticularly  described  and  explained  hereunder. 

''  I  mean  to  use  and  apply  for  the  purposes  above  stated 
every  kind  of  edge-tool,  or  cutter,  already  known,  either  in 
their  present  shape,  or  with  such  variations  and  improvements 
as  the  variety  of  operations  I  may  encounter  may  severally  call 
for.  But  the  tools,  instead  of  being  applied  by  hand,  as  usual, 
I  fix,  as  judgment  may  direct,  on  frames  drove  (driven)  by  ma- 
'  chinery  :  some  of  which  frames  I  move  in  a  rotatory  direction 
round  an  upright  shaft ;  and  others  having  their  shaft  lying  in 
a  horizontal  position,  like  a  common  lathe  for  turning  wood, 
&c.  In  other  instances  I  fix  these  tools,  cutters,  &c.  on  frames 
which  slide  in  stationed  grooves,  or  otherwise,  and  like  the 
former  calculated  for  connexion  with,  and  to  be  driven  by,  ma- 
chinery, all  of  which  are  hereafter  further  explained  and  parti- 
cularized. 

'^  The  principal  points  on  which  the  merits  of  the  invention 
rest  are  the  foUovi  ing.  First,  I  cause  the  materials  meant  to  be 
wrought  true  and  perfect,  as  above  described,  to  slide  into  con- 
tact with  the  tool,  instead  of  the  tool  being  carried  by  the  hand 
over  the  work,  in  the  usual  way. 

^^  Secondly^  I  make  the  tool,  of  whatsoever  cutting  kind  it 
be,  to  traverse  across  the  work  in  a  square  or  oblique. direction ; 
except  in  some  cases,  where  it  may  be  necessary  to  fix  the  tool 
or  cutter  in  an  immoveable  station,  and  cause  the  work  to  fall 
in  contact  with  it  by  a  motion,  confining  it  so  to  do,  similar  ta 
the  Qperations  performed  on  a  drawing-bench. 

^'  Thirdly,  in  some  cases  I  use,  instead  of  common  saws,  axesj, 

E lanes,  chisels,  and  other  such  instruments,  usually  applied  by 
and  ;  cutters,  knives,  shaves,  planes,  and  the  like,  variously,  as 
the  nature  of  the  work  may  render  necessary  ;  some  in  form  of 
bent  kniveS)  spoke-shaves,  or  deep- cutting  gouges,  similar  to 
those  used  by  turners  for  cutting  off  tlie  rougnest  part  I  also 
apply  planes  of  various  shapes  and  construction,  as  the  work 
may  require,  to  follow  the  former  in  succession,  under  the  same 
operation ;  and  which  latter  I  call  furnishers. 

*'  Fourthly,  these  cutters,  knives,  &c.  I  fix  on  frames  of  wood, 
or  metal, properly  contrived  for  their  reception,  and  from  which 
they  maybe  easily  detached  for  the  purpose  of  sharpening,  and 
the  like — these  1  call  cutter-frames.     These  cutter-frames  I 
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move  ia  cases  like  those  on  which  the  saws  are  fixed  in  asavr- 
ihg-mill,  and  sometimes  to  reciprocate  in  a  horizontal  direction^ 
confined  and-  stationed,  by  grooves  or  otherwise,  as  may  be 
found  best  calculated  to  answer  the  sereral  works  intended. 
In  other  instances,  and  which  I  apprehend  will  generally  have 
the  preference,  I  fix  cutter-fi"ames  on  a  rotatory  upright  shaft, 
turning  on  a  step,  and  carrying  the  frame  round  in  a  direction 
similar  to  the  upper  mill-stone ;  and  sometimes  I  cause  the 
frames  to  turn  on  a  horizontal  shaft,  just  resembling  the  mandrel 
of  a  common  turning-lathe,  or  those  machines  used  for  cutting 
logwood,  &c.  for  the  dyers'  uses.  When  these  frames  are 
mounted  in  any  of  the  foregoing  directions  for  cutting,  planes, 
&c.  are  fixed  so  as  to  fall  successionally  (successively)  in  con- 
tact with  the  wood  or  other  materials  to  be  cut,  so  that  the 
cutter  or  tool  calculated  to  take  the  rough  and  hilly  part  ope- 
rates the  first,  and  those  that  follow  must  be  so  regulated  as  to 
reduce  the  material  down  to  the  line  intended  for  the  surface. 
These  cutter-frames  must  also  have  the  property  of  being  regu- 
lated by  a  screw  or  otherwise,  so  as  to  approach  nearer  the 
lyork,  or  recede  at  pleasure,  in  order  that  a  deeper  or  shallower 
cut  may  be  taken  at  discretion,  or  that  the  machine  may  repeat 
its  action  without  raising, or  depressing  the  materials  on  which 
tfhfy  act.  The  manner  of  thus  regulating  the  cutter-frames, 
when  on  an  upright  shaft,  is  particularly  described  below. 
These  cutter-frames  may  be  made  of  any  magnitude  and  di- 
mensions the  work  requires,  only  observing  to  make  the  diame- 
ter of  those  on  the  rotatory  plane  so  as  to  exceed  twice  the  width 
of  the  materials  to  be  cut,  as  the  said  materials  must  slide  so  as 
to  paiss  the  shaft  on  which  the  cutter-frame  revolves,  when  on 
the  upright  principle. 

**  Fifthly,  when  I  use  upright  shafits,  for  the  purpose  ofcarry- 
hrg  the  cuttet*-frame  as  above  described,  I  do  not  mean  that  the 
lower  end  or  point  of  such  shafts  shall  come  in  contact  with, 
or  rest  on,  the  bottom  of  the  step  or  box  in  which  they  stand; 
neither  do  I  mean  that  such  said  shafts  shall  rest  or  turn  on  any 
stationed  unalterable  point  at  rest,  but  the  pivot  or  lower  point 
of  the  shaft  shall  actually  rest  and  turn  on  a  fluid  body,  such  as 
oil,  or  any  other  fluid  proper  for  that  purpose,  a  considerable 
portion  of  which  is  always  to  be  kept  between  the  lower  point 
of  the  shaft  and  the  bottom  of  the  step  in  which  it  works.  The 
said  shafts  may  be  either  raised  or  depressed  at  pleasure  to  any 
required  altitude,  by  means  of  a  greater  or  less  quantity  of  the 
said  fluid  being  confined  as  aforesaid,  between  the  end  of  the 
shaft  and  the  bottom  of  the  step.    This  device  *  I  deem  of  great 

•  See  Count  de  ThiviUe'»  specification,  published  in  the  fourteenth  volume  of  th 
tfrst  series  of  the  Repertory,  or  the  English  Encydopaedia,  art  water  WOEKS,  ib 
the  development  of  a  similar  invention. 
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conaequeuce  in  thp  fabrication  of  all  kindfl  of  machinei^y,  where 
massy  and  heavy  loaded  upright  shafts  are  used ;  and  i  perform 
it  in  the  following  manner ;  that  is  to  say  :  The  lower  part  of 
the  shaft  must  be  turned  perfectly  smooth  and  cylindrical,  to  a 
heiffht  something  above  the  greatest  distance  or  length  the  shaft 
will  ever  be  required  to  be  raised  or  depressed  when  in  use. 
1  his  part  of  the  shaft  1  immerse  or  drop  into  a  hollow  cylinder, 
which  fits  its  circumference  near  enough  to  allow  freedom  of 
motion,  but  su£Bciently  fitted  to  prevent  shake.  This  cylinder  I 
call  the  step-cylinder,  and  (which)  must  be  of  a  lengiii  nearly 
equal  to  that  of  the  cylindrical  part  of  thesfaaft  above  mentioned, 
so  that  when  the  point  of  the  snaft  rests  on  the  bottom  of  the  cy- 
linder, the  parallel  or  cylindrical  part  maybe  something  above 
the  top  or  upper  end  of  the  step-cylinder.     In  the  upper  end  of 
this  step-cylinder  1  make  a  stufSng-box,  by  means  ot  a  double- 
cupped  leather,  or  other  materials,  surrounding  the  cylindrical 
part  of  the  shaft  in  such  a  way  as  will  cause  the  junction,  when 
the  shaft  is  passed  through  it,  to  remain  water-tight  under  any 
pressure  Cliat  may  be  felt  from  the  efforts  of  the  fluid  retained 
as  before  mentioned,  to  make  its  escape  upwards  through  thi» 
part,  (which J  I  have  called  the  stuffing-box,  when  the  shafts 
with  all  its  load,  is  passed  through  it,  and  immersed  in  the  cy- 
linder below.     When  this  i»  done,  the  injecting-pipe  of  a  small 
forcing  pump)  similar  to  those  I  use  in  my  patent  press,  muslf 
form  a  junction  with  the  step  cylinder  in  some  part  below  th^ 
stuffing-box ;  then  the  pump  being  worked,  the  oil,  or  other 
fluid  injected  by  it,  wjU,  by  pressing  in  all  directions,  cause  the' 
shaft  to  be  raised  from  its  rest,  on  the  bottom  of  the  cylinder^ 
and  to  be  slided  up  through  the  stuflkig-box  just  the  same  aa* 
the  piston  of  my  patent  press ;  and  by  this  means  the  shaft,  witk 
all  its  incumbrance,  and  whatever  may  be  its  waght,  may  be 
raised  to  any  given  point  at  pleasure,  and  at  the  same  time  It 
wiU  be  left  resting  on  the  fluid  under  it,  whatever  the  quantity 
or  thickness  of  such  fluid  may  be  between  its  points  and  the  bot- 
tom of  the  step-cylinder.     By  this  means  the  shaft,  with  all  its- 
incumbent  load,  as  aforesaid,  should  it  even  amount  to  hundreds^ 
or  thousands  of  tons,  can  be  easily  raised  and  depressed  to.  any 
required  point  at  pleasure,  by  the  alternate  injunction  (injec^ 
Hon)  or  discharge  of  the  fluid  used,  exactly  the  same  as  per-» 
formed  by  my  patent  press  as  aforesaid ;  and  at  the  same  time 
all  friction  will  be  avoided,  except  that  of  tlie  stuffing-box, 
which  will  be  comparatively  trifling  to  that  which  would  result 
from  the  resting  of  such  a  shaft  on  the  bottom  of  the  step,  iji 
the  usual  way.     Thus  will  be  gained  the  properties  above 
stated ;  and  in  addition  thereto,  1  think  it  may  be  inferred,  that, 
provided  the  stuffing-box  is  kept  perfectly  fluid  tight,  .such  a 
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shaft,  thus  buoyed  up  by  and  turning  in  a  proper  fluids  may 
continue  working  for  years,  or  perhaps  hundreds  of  years,  with- 
out a  fresh  supply  of  oil,  or  whatever  other  fluid  substance  is 
found  the  most  proper  to  apply. 

^<  Sixthly,  the  material  that  is  to  be  cut  and  made  true  must 
be  firmly  fixed  on  a  platform,  or  frame,  made  to  slide  with 
perfect  truth,  either  on  wheels  or  in  grooves,  &c.  similar  to 
those  frames  in  a  saw-mill  on  which  the  timber  is  carried  to  the 
saws.  These  frames  must  be  moved  in  a  steady  progressive 
manner,  as  the  cuttter-frame  turns  round,  either  by  the  same 
power  which  moves  the  latter,  or  otherwise,  as  may  be  found 
to  answer  best  in  practice.  This  motion  also  must  be  under 
the  power  of  a  regulator ;  so  that  the  motion  of  the  sliding- 
frame  may  be  properly  adjusted  according  to  the  nature  of  the 
work.  The  motion  of  the  cutter  frames  must  also  be  under  the 
control  of  a  regulator ;  so  that  the  velocity  of  the  tool  in  pass- 
ing over  the  work  may  be  made  quicker  or  slower,  as  such  work 
may  respectively  require,  to  cause  tlie  cutter  to  act  properly, 
ana  to  the  best  advantage. 

"  Seventhly,  1  regulate  the  motions  of  both  these  parts  of  the 
apparatus,  as  aforementioned,  by  means  of  a  new  invention, 
which  I  call  a  universal  regulator  of  velocity,  and  which  is 
composed  as  follows :  viz.  I  take  any  number  of  cog-wheels, 
of  different  diameters,  with  teeth,  that  will  exactly  fit  each 
other  through  the  whole,  suppose  ten,  or  any  other  number, 
but  for  example  say  ten,  the  smallest  of  which  shall  not  exceed 
one  inch  in  diameter,  and  the  largest  suppose  ten  inches  in  di- 
ameter, and  all  the  rest  to  mount  by  regular  gradations  in  their 
diameters  from  one  to  ten.  I  fix  these  ten  wheels  fast  and  im- 
moveable, on  an  axis  perfectly  true,  so  as  to  form  a  cone  of 
wheels.  I  then  take  ten  other  wheels,  exactly  the  same  in  all 
respects  as  the  former,  and  fix  them  on  another  axis,  also  per- 
fectly true,  and  the  wheels  in  conical  gradation  also;  but  these 
latter  wheels  I  do  not  fix  fast  on  their  axis,  like  the  former,  but 
leave  them  all  loose  so  as  to  turn  upon  the  said  axis,  contrary 
to  the  former,  which  are  fixed*  All  these  latter  wheels.  I  have 
the  power  of  locking  by  a  pin,  or  otherwise,  so  that  I  can  at 
discretion  lock  or  set  fast  any  single  wheel  at  pleasure.  I  then 
place  the  two  axises  (axes)  parallel  to  each  other,  with  the 
wheels  which  form  the  two  cones,  as  above  described,  in  re- 
verse position,  so  that  the  large  wheel  at  the  one  end  of  the 
cone  may  lock  its  teeth  into  the  smallest  one  in  the  cone  oppo- 
site, and  likewise  vice  versa.  Then  suppose  the  axis  on  wnich 
the  wheels  are  permanently  fixed  to  be  turned  about,  all  the 
wheels  on  the  other  axis  will  be  carried  round  with  an  equal 
velocity  with  the  former,  but  their  axis  will  not  move.     Tnen 
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Icick  the  largest  whfe^  <m  the  loose  axis,  and  by  turning  abbuf 
the  fast  (fastened )2i\U  tA  before,  it  must  mike  ten!  revi^utkxi^ 
while  the  opposite  perforins  but  one:  then  by  ohlokrklng  the? 
In^gesst  wheel  and  locking  the  smallest  one  at  the  eontrary  eml 
of  the  cone  in  its  stead,  tmd  turning  as  before,  the  fest  (Jusiei^ 
ed)  axis  wilt  then  torn  the  opposite  ten  times  while  it%elf  only 
revolves  once.  Thii«  the  axes,  or  shafts,  of  these  cohes,  oi? 
conical  combination  of  wheels^  may  turn  eAclv  other  ifecijprou 
cally,  as  otie  to  ten,  and  a^  teii  to  one ;  which  colleetively  preM 
duces  a  change  in  velocity  under  a  uniform  action  of  th^  pri^ 
tmtm  mobile^  as  ten  to  a  hundred  :  for  when  the  small  whe^l 
oh  the  loose  axis  is  locked,  and  the  fast  one  iViiakes  ten  revalua- 
tions, the  former  #iU  have  one  hundred.  And  by  tedding,  to 
the  numbei*  of  those  wheels  and  extending  the  cones,  whidh  may 
be  done  ad  in/mitufft^  vei'dcity  itaay  be  hkewii^e  infinitely  vaiiea 
by  this  simple  contrivance — a  may  turn  b  with  d  speed  eqoi^l  to 
tnottsands  or  millfoAs  of  fiines  its  own  motion ;  and  by  changvn^ 
a  pin  and'  locking  a  diflfet^nt  wheel,  as  above  described,  A  Will 
tui*n  A  in  the  sattie  proportion,  and  their  power  Will  (biB^J  ftitnsh 
jirred  to  eaeh,  in  propertum  a&  their  velocities,  reciprocailj/. 
Here  is  then  a  universal  regulator  at  once  for  both  power  and 
YBlocity.  In  soniie  instances  I  produce  a  like  effect  by  the 
same  necessary  number  of  wheels,  made  to  eorrespofld  ih'  <kv 
nical  oii^ddr,  but  instead  of  being  al)  constancy  mounted  on  thie 
arises  (cues)  or  shafts,  as  above  described,  th^y  will  i*eclptoe 
oally  fbe)  changed  from  one  ilxi^  fo^  the  other  m  sinj^le  palrfe^, 
match  aiedordiiigtt>  the  speed  or  power  wanted,  just  as  in  ther 
foi^mer  instadce.  This'  method  will  haVe  in  all  i-espects  i\k^ 
stautte  e^t,  but  i\  not  sa convenient  as  when  the  wheels  are  alt 
fixed,'  8to. 

*^  Eighthly^,  when  stiherioal  sutfaoes  are  to  bd  {Produced  per- 
kidCLf  mre,  alid^  parallel  to  (equidistant  Jrou*)  their  centres  ki 
illl  diveetioM  I  use  a  tooly  or  cuttef,  of  a  proper  sheit^,  aceordw 
ing  to  the  na\re  of  the  materials  to  be  cut.  This  tool  mustte 
fiicadion'ft  Cttttertframe,  fastetied'  to  the  rest  of  any  common 
tethei  so  ad  to  present  its  point  exactly  to  a  line  drawn  through 
tb^i<ttAitr^  of  tbcf  mandi^l  of  the  lathe  horizontally,  and  the 
saittfi^itteortiwhieh  the  cufterisP fixed  must  have  the  eapac5ity 
of  drawing  otit^tit^  pleafeure<  to  ofly  required  distance,  to  accom- 
modate the  dliltne«er  of  the  ^here  to  be  cut  or  turned  true: 
Thiscutier-^fVame  must  be  likewise  made  to  turn'ilpon  a-  ceiitr^ 
or  pin,- Very  ftrtn^  ami  steadily  fixed  ort  the  rest  above  men- 
tioned, 8<^  asi  to  lehable  the  cnitter  to  be  t\irrtferi  by  its  frame 
round' aicentr^^^eitactly  perpendicular  to  the' centre  ot'  the  lathe 
or  line  before  mentioned,  by  which  the  altitude  of  the  tool's 
point  is  to  be  r^ulated ;  when  this  is  done,  and  the  wood  or 
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other  materials  fixed  on  the  lathe  in  the  usual  way,  the  cutter- 
frame  must  be  drawn  nearer,  or  farther  distant  from  the  centre, 
on  which  it  turns,  to  accommodate  the  diameter,  just  the  same 
as  the  common  rest.  If  the  materials  be  rough,  and  require  to 
be  reduced  to  a  spherical  form  by  gradations,  the  work  may  be 
repeatedly  gone  over  by  the  cutter,  before  it  reaches  the  diame- 
ter proposed.  By  this  simple  apparatus  the  difficulty  of  turn- 
ing perfect  spheres  is  overcome ;  as  it  must  be  obvious  to  any 
person  of  the  most  ordinary  capacity  in  mechanics,  that  while 
the  work  is  turning  in  the  lathe  in  a  vertical  direction,  and 
the  tool  or  cutter  is  by  the  hand,  or  otherwise,  turned,  at  the 
same  time,  in  a  perfectly  horizontal  direction,  round  a  centre, 
opposite  to  the  actual  centre  of  the  sphere,  the  point  of  the 
tool  or  cutter  must,  of  necessity,  generate  or  turn  a  perfect 
sphere,  true  in  all  directions,  without  the  smallest  attention 
or  assistance  from  the  use  of  the  instrument.  I  mention 
here  the  application  of  the  cutter-frame  to  a  common  lathe, 
conceiving  it  will,  by  such  an  explanation,  be  more  familiarly 
understooa  without  a  drawing;  but,  by  this  method,  spheres 
of  any  practical  magnitude  may  be  cut  with  perfect  ease  and 
certainty. 

"  Ninthly,  when  concave  surfaces  are  to  be  produced  per- 
fectly true,  smooth,  and  parallel  to  (eijuidistcmtfromj  their  re-, 
spectiye  spherical  centres,  the  work  is  fixed  on  a  machine  the 
same  in  all  respects  as  the  common  turning  lathe,  as  in  the 
instance  last  referred  to :  I  then  fix  a  tool  or  cutter  on  a  centre, 
exactly  in  a  line,  both  .perpendicular  to,  and  on  a  level  with,  the 
ex.act  centre  of  the  shaft  or  mandrel  on  which  the  work  re- 
volves :  and  which  cutter  or  tool  projects  to.tl^e  required  radial 
distance  with  its  point,  so  that  when  the  work  goes  round  by. 
the  revolution  of  the  lathe,  the  tool  or  cutter  at  the  same  time 
revolving  round  its  centre,  a  spherical  concavewiU  be, generated 
and  produced  by  the  Auction  *  of  its  point,  as  in  the  instance  of 
the  convex  sphere. 

"  Tenth  ly,  I  convert  solid  wood,  or  other  materials,  into  a 
thin  concave  shell,  similar  to  a  dish  ;  1  cut  them  alternately  out 
of  each  other,  beginning  at  the  smallest,  by  means,  of  another, 
tool  or  cutter,  likewise  moving  on  a  stationed  centre,  as  before,, 
exactly  on  a  level  with,  and  perpendicularly  true  with  the  cen- 
tre pf  the  ma^drel  or  shaft  of  the  machine  on  which  the  work 
is  fixed.  Xhis  tool,,  or  cutter,  is  made  at  its  exterior  point,  or 
cutting  en/1,  of  such  a  shape  as  best  suite  the  nature  of  the  work : 
and  its  shank  or  stjE;m  is  bent  to  the  exact  circle  the  concave  is 
meant  to  be :  it  is  then  fixed  on  an  arm  or  frame  calculated  to 
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receive  others  of  diflferent  circles^  according  to  the  work ;  in 
fact  the  same  irame  may  be  used  which  is  above  described  to 
hold  the  tool  for  cutting  spheres,  either  of  the  concave  or  con- 
vex kind.     The  tool  must  be  fixed  on  this  frame  or  arm,  as 
above  mentioned,  at  such  a  radial  distance  from  the  centre  on* 
which  the  frame  or  arm  turns,  so  as  to  form  a  quadrant  with  one 
leg,  turning  on  its  centre,  and  the  tool  formmg  the  periphery  ■ 
with  its  cutting  point  projecting  to  the  line  of  ttie  deficient  leg. 
Before  this  tool  begins  its  action,  a  common  rest  must  be  ap-  - 
plied  close  to  the  face  of  the  work,  in  order  to  support  the  toot 
when  it  begins  its  cut;  and  on  which  rest  the  tool  will slidis till 
its  point  proceeds  under  the  control  of  the  centre  on  which  its . 
frame  is  fixed,  until  it  reaches  the  horizontal  line  of  the  lathers 
centre,  when  the  part  cut  off,  or  the  inner  dish,  will  fail  from 
the  stock,  and  leave  the  rest  for  the  operation  of  another  tool, 
of  a  larger  circle.  Thus  the  operation  may  be  repeated  till  the 
wholie  lump  is  converted  according  to  the  intentions  of  the 
owner." 

Mechanism  upon  the  principle  of  this  specification,  for 
planing,  has  been  erected  and  employed  to  a  very  great  extent 
m  the  carriage  department  of  the  Royal  Arsenal,  Woolwich. 

SYPHON,  with  Closers  and  Venturi's  new  applications  of 
it  to  convey  water  abaoe  the  level  of  the  reservoir.   See  Crane. 

TEETH  OF  WHEELS,  and  leaves  of  pinions^  require  ^eat 
care  and  judgment  in  their  formation,  that  they  may  neither 
clog  the  machinery  with  unnecessary  friction,  nor  act  so  irre* ; 
gularly  as  to  produce  any  inequalities  in  the  motion,  and  a 
consequent  wearing  away  of  one  part  before  another  is  much 
affected  by  the  work. 

Several  eminent  matii^fnaticians  upon  the  continent,  and  a- 
few  in  England  arid  Scotland,  have  directed  their  investigations 
towards  a  subject  so  essential  to  the  perfection  of  machinery ; 
yet,  although  Roeiner,  Varignon,  De  la  Hire,  Camus,  £uler, 
Emerson,  Ka^stner,  and  Robison,  have  turned  their  thoughts  to 
this  objcict,  and  some  of  tliem  have  struck  out  rules  of  ready 
application  in  practice,  it  is  to  be  regretted  that  these  rules  have 
been  little  followed  by  practical  mechanics,  most  of  whom  have 
in  this  case  been  more  inclined  to  follow  a  set  of  hackneyed  rules 
faa!dded  down  from  one  workman  to  another,  though  completely 
de)}titute  of  scientific  principle.  Even  watchmakers,  in  whose 
constructions  a  litUe  more  than  common  skill  and  nicely  in  the 
execution  might  be  expected,  are  but  few  of  them  acquainted 
with  any  rules  founded  upon  the  deductions  of  accurate  theory; 
but  commonly^  we  are  informed,  give  to  their  teeth  the  shape 
assumed  by  a  horse-hair  when  held  bent  between  the  fingers ;  a 
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method  so  vague  that  it  is  diQicult  tot  eonoeihiethoM^  it  came  to. 
be  adopted. 

The  best,  most  accarate,  and  at  the  same  time  aiinple  rules, 
for  the  formation  of  teeth  and  pinions^  uith  wbich  we  are 
acquainted,  have  been  given  by  M,  Camus^  in  the  third  part  of 
Ihs  Cours  de  MtUkematique^  and  by  Dr.  Brewst^^  among  his 
judicious  additions  to  PerguseyrCs  Lectures^  As  Fenguson'^s 
"worK,  with  Dr.  Brewster's  improvements^  may,  be  beneficially 
consulted  by  every  practical  mechanic,  we  would  refer  those 
t&  it  who  wish  to  peruse  Ma  ingenious  dissertation  ;  aad  ^aU 
in  this  place  extract  some  of  the  useful  rules  of  Camus,,  trans- 
lating, with  occasional  alterations  and  additicms^  from  the- 
edition  of  1759. 

The  best  form  that  can  be  given  to  the  teedi  of  any  machine 
is>  in  general,  that  which:  will  cause  those  teeth  to  act  upon  each, 
other  m  an  equally  favourable  manner,  or  which  will  enable  a 
constant  power  to  communicate  a  uniform  motion*    Now,  if  all 
wheels  could  have  their  teeth  infinitely  small,  as  if  two  wheels 
should  have  their  vims  surrounded  with  buff  leather  whose 
pttotuberanees  may  be  considered  as  teeth,  and;  then  made  to  act 
on  ^ach'  other  (see  the  article  wueill),  thdr  engagement  might 
be  regarded  a&  simple  contact,  and  would  possess  the  desired 
property ;  since  the  wheels,  would  in.  that  case  have  both  the: 
same  tangential  force.     The  finite  and  sensible  teeth  madbi  in 
wheels  and  pinions,  and  acting  upon  one  another  in  the  same^ 
plane,  will  therefore  be  sudi  as  are.  required  whai  the  wheeL 
mov^  the  pinion,  or  the  pinion  the  wheel,  just  as  though  tkef  > 
sitiiply  touched  each  other. 

It  must  be  premised  that  the  distance  from,  the  ceotce  of  & 
wheel  or  a  pinion  to  the  extranity  of  any  one  ol  its.  teeth  or 
leaves,  is  called;  the  time^  radius  of  such,  wheel  or  pinion ;'  and^ 
when  a  wheel  and  pinion  a^e  properly  fixed  and  adjusted  f6i!  mun 
tual  action  upon  each  other,  the  line  drawn  from  one  cenire  to 
the  other  is  called  the  line  i^ihe  ceniresj  while  the  portions  of 
tl|i&  line  into  which  it  is  divided:  in^the  respective  ratio  of  the 
number  of  teeth  in  the  wheel  and  pinion,  are  denominated  the 
primitive  racki  of  such  wheel  and  pinicm*  Now  it  is  deraonn 
strated  by  Camus,  that  the  wheel  and. pinion  will  have  the  same 
force  for  turning  at  their  primitive  circumferaices,  when  the 
rijg^ht  line  drawn  from  the  point  ofgontact  of  two  teeth  peEpenr^ 
dicular  to  their  curvature,  passesi  through,  the  point  whicb 
separates  the  primitive  radii  of  the  wheel  and  pinion.  Hencey 
we  must  regard  as  the  best  figures  which  can  be  given  to  the 
teeth  of  wheels  and  pinions,  those  which  so  act  with  respect  to 
eAch  other,  that  the  line  perpendicular  to  the  parts  which  touxh 
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will  always  pass  throagh  the  same  point  where  thie  primitive 
ladii  of  dhfe  wheel  and  pinion  terminate  in  the  line  of  the  cen- 
tres. This  condition,  it  is  well  known  to  mathematicians,  may 
be 'secured  by  making  the  faces  of  the  teeth  epicycloidal,  and 
^miuniil)ade8  i^egulated  by  those  of  the  wheels  and  the  num- 
ber of  the  teeth. 

To  convey  a  fiimUiar  idea  of  the  nature  of  epicycloids  to  such 
headers  as  aSre  not  very  conveftumt  in  matfaematiC8/suggestfng» 
at  the  samie  time,  an  eligible  method  of  describing  them,  a  de^ 
finition  is  here  given. 

Let  there  i)e  any  two  drdes  car,  ahx,  (fig.  14.  pi. 
XXXII.)  formed  of  wood,  or  brass,  or  other  metal,  placed 
toon  a  table  or  upon  a  flat  metallic  plate  so  as  to  touch  ieac^ 
ocher^  as  in  c :  then  if  the  circle  ark  be  made  to  revolve  i^ith 
its  circumference  always  in  contact  with  the  circumference  of 
the  ctiicle  caR)  a  style^  or  tracing  pin,  or  projecting  point,  fixed 
upon  the  circumference  of  the  revolving  circle,  will,  during  its 
motion,  trace  upon  the  table  or  plate  below  the  two  circles  a 
curve  whi6h  is  called  ah  epicycloid.  The  circle  which  in  revolv- 
ing describes  an  epicycloid,  by  a  point  in  its  circumference,  ti 
oflued  the  ffenetxiting  cirde,  and  the  arc  of  the  immoveable 
circle,  whicn  is  equal  to  the  circumference  ofthe  revolving  circle, 
and  every  point  of  which  is  touched  in  succession  by  the  several 
points  of  tne  revolving  circumference,  is  called  the  base  ofthe 
epicycloid.  When  the  generating  circle  revolves  without  the 
immoveable  circle^  the  epicycloid  is  called  an  exterior  epicy^ 
eloids  but  if  the  ^eherating  circle  revolves  within  the  other 
eirde^  the  epicycloid  is  called  interior :  it  is  the  former  to  which 
most  persons  have  cotiHned  their  attention  in  discussions  re- 
lative to.  the  teeth  of  wheels.  Epicycloidal  ^tcs  may  manifeistly 
be  described  merely  by  means  of  segments  of  cii-cles  of  a  dUie 
magnitude;  and  little  pattei*ns  of  pasteboard,  or  of  bra^s,  bay 
eafeuy  be  cut  to  coincide  With  such  arcs,  so  as  to  form  what  the 
workmen  call  timjiets  or  pattern  teeth,  to  regulate  the  shape 
of  those  actually  to  be  constructed  on  a  wheel  or  pinion. 

When  three  circles  car,  ahx,  aby,  touch  continually  in  on^ 
point,  there  will  be  generated  an  exterior  and  an  interior  epicy- 
cloid at  die  same  time :  and  in  thiik  case  when  the  circle  aby 
has  its  diameter  half  that  of  Atix,  the  interior  ^icycloid  h^ 
which  touches  the  exterior  ce,  will  be  a  right  line  always 
directed  to  the  centre  b,  of  the  circle  ahx.  Hence  it  follows 
that  when  two  circles^  as  CAtt,  ahx,  toiich  each  other  cdtiti-i 
niiallyv  and  die  one  compels  the  other  to  revolve,  carrying  it 
along  by  the  point  of  contaet  a,  if  We  conceive  a  radius  bh,.  ih 
the  circle  ahx,  and  after  making  arc  ac  ^  arc  ah,  describe 
through  the  point  c,  taken  as  the  origin,  an  exterior  epicycloid 
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CE)  which  hiss  for  its  generatiiig  circle  one  whose  dkunetef*  19 
equftl  to  the  radius  bh,  such  radius  bh  will^  during  the  motion 
ot  the  two  circles  car,  ahx,  always  touch  the  epicycloid  ce^ 
px  the  point  e,  where  this  epicycloid  is  cut  by  the  right  line  ae, 
peipendicular  to  its  curvature.  Thus,  instead  of  conceiving 
that  one  of  these  two  circles  moves  the  other  by  the  point  of 
contact  Af  we  may  cause  the  radius  bh  of  the  circle  ahx  to  be 
i[tnpelled  bv  an  epicycloid  cb,  attached  to  the  circle  car,  and 
described  by  the  motion  of  the  circle  aey,  whose  diameter  is 
equal  to  the  radius  bh  :  we  may  also,  reciprocally^  cause  the 
epicycloid  c^  attached  to  the  circle  r,  to  be  impelled  by  the 
radius  bh  of  the  other  circle ;  and  so,  by  means  ijf  the  epicy- 
cloid CE  and  the  radius  bh,  or  a  series  of  such  epicycloids  and 
$uch  radii  properly  disposed,  the  two  circles  might  move  each 
other  as  though  they  were  impelled  by  the  point  of  contact  a. 
The  best  form  of  teeth  of  wheels  and  pinions,  when,  one  of  these 
is  to  be  a  right  line,  may  readily  be  deduced  from  this  con- 
sideration. 

If  there  were  only  two  circles  touching  one  another  in  the 
point  A,  and  if  the  motion  of  the  one  were  communicated  to 
the  other  by  the  point  of  contact,  any  point  whatever,  e  crf'tbe 
circuuiference  AEY  (6g.  14.  pi.  XXX 11.)  would  describe  on  the 
poveable  plane  of  the  circle  car,  an  epicycloid  ck  ;  and  this 
epicycloid,  when  supposed  to  be  attached  to  the  circle  car, 
would  move  tb^  circle  aey,  impelling  it  by  the  point  e  of  its 
circumference,  in  the  same  manner  as  the  former  circle  would 
move  the  latter,  communicating  motion  to  it  by  the  point  of 
contact  A ;  and,  reciprocally,  the  point  e  of  the  circumference  of 
the  circle  aey  turning  upon  its  centre  o,  would  cause  the  circle 
CAR  to  revolve,  impelling  it  by  the  epicycloid  ce,  supposed  to 
be  attached  to  this  circle  car  ;  in  the  same  manner  that  the  same 
circle  aey  would  move  the  circle  car,  by  communicating  its 
motion  through  the  point  of  contact  a.  And  hence  may  be 
deduced  the  best  shape  for  the  teeth  of  a  wheel,  when  it  is  to 
drive,  instead  of  a  toothed  pinion,  a  lantern  composed  of 
spindles. 

Since  it  is  rather  simpler  to  shape  the  teeth  of  a  wheel  to 
engage  with  the  spindles  of  a  lantern,  than  those  which  are  to 
act  with  the  leaves  of  a  pinion ;  we  shall  first  consider  that  case, 
and,  supposing  the  number  of  teeth  of  a  wheel,  and  of  spindles 
of  a  lantern,  together  with  the  distance  of  their  centres,  to  be 
given,  shall  show  how  to  determine  the  primitive  and  true  radius 
of  the  wheel,  the  magnitude  and  shape  of  the  teeth,  and  the 
depth  of  their  engagement  in  the  lantern. 

Uefe  we  must  commence  with  supposing  the  spindles  of  the 
lantern  to  be  indefinitely  thin,  such  as  may  be  represented  on 
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any  plane  section  of  the  lantern,  by  mere  central  points.  JLety 
then,  the  number  of  teeth  in  the  wheel  be  denoted  tnr  m 
(suppose  dO)  and  the  number  of  spindles  in  the  lantern  by  n 
(suppose  8),  and  let  gf  be  the  line  of  the  centres  (fig.  5. 
pi.  XXXI.)  the  letter  f  being  referred  to  the  point  pf  con- 
course of  the  converging  lines  from  a,  d,  x,  r,  whose  condnua* 
tions  are  omitted  in  the  figure,  to  save  room  upon  the  piate. 
Divide  the  whole  line  of  into  two  parts^  in  the  ratio  of  m  to  w, 

that  is^.  make  af  =  — -  fg,  and  ag=  -^  fg,  so  will  af  and  ag 

be  the  required  primitive  radii  of  the  wheel  and  lantern.  With 
the  primitive  radius  of  the  lantern  describe  the  circle  AEHih, 
flWd  divide  its  circumference  into  n  (8)  equal  pavts,  marking  the 
pmnti^  of  division  a,  e,  h,  i,  x,  &c.  for  the  positions  of  the 
assumed  indefinitely  thin  spindles :  also,  describe  with  the  pri-* 
mitive  radius  of  the  wheel  the  circumference  cstn,  and  divide 
it  into  m  (SO)  equal  parts>  one  of  which  is  ca  ;  and  let  ai.  be 
the  small  vacuity  or  interval  which  it  is  thought  proper  to  leave 
between  the  teeth  of  the  wheel,  for  the  play  of  the  engagement. 
Then  cl  will  be  the  foot  of  one  tooth,  through  the  extremities 
of  which  describe  two  opposite  epicycloids  CEPand  lmp,  which 
turn  their  convexities  towards  the  neighbouring  teelJh,  and 
which  have  the  circle  can  for  base,  and  EHKh  for  generating 
drcle.  And  proceed  in  a  similar  manner  tp  describe  the  other 
teeth,  as  aqn,  &c.  From  this  construction  it  is  obvious  that 
the  distance  from  f,  the  centre  of  the  wheel,  to  p,  the  point 
concourse  of  the  two  epicycloids,  forming  a  tooth,  is  the 
greatest  true  radius  that  tne  wheel  can  have,  in  the  proposed 
case ;  and  since  no  more  of  any  tooth  is  wanted  than  what 
reaches  from  c  to  e,  the  preceding  spindle,  when  the  bottom  l, 
of  the  tooth,  comes  in  contact  with  the  next  spindle  a,  the  whole 
quantity  epm  may  be  cut  away  from  the  tooth,  and  it  will  still 
continue  efl^tual  in  the  machinery ;  so  that  the  distance  from 
E,  to  the  centre  f,  is  the  shortest  radius  which  the  wheel  can 
have,  and  any  radius  may  be  adopted  between  the  limits  f£ 
end  FP. 

Our  next  business  is  to  reform  all  these  teeth,  to  make  them 
accord  with  the  spindles  of  a  finite  diameter,  which  the  wheel 
must  have.  Here,  if  the  radius  of  the  spindles,  which  we  sup* 
pose  equal,  be  given,  describe  with  this  radius,  on  the  plane  of 
each  tooth,  as  many  small  arcs  as  can  well  be  done,  having  ail 
their  centres  in  the  two  epicyclcHds  which  form  the  tooth;  and 
trace  out  two  curves,  such  as  ro,  so,  through  all  these  arcs 
pafallel  to  the  epicycloids,  between  which  the  first  teeth  are 
contained.  These  new  curves  ro,  so,  or  ty,  vy,  being  thus 
described,  will  reform  the  first  teeth  cpl,  aqn,  &c.  and  will 
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Cfi0ipr^f«94  biM¥^m  ^«m  »wi  fhe  priimiive  icir^e  .of  the  w^eel^ 
the  9t)4C«8  «^y  TYv,  ^c.  which  will  be  thp  prpper  figyr^  pf 
th^  te»tk  pf  A<?  Fbp^l,  to  {irive  t\he  ^pindlef  a,  ji,  h,  jf,  k,  i^  A,  ^ 
the  di^Oi^rB  of  which  are  gfveii.  For,  if  we  ia^^ne  that  the 
Q^OU'Q  ^  j(^9  spinidle  is  mpvpd  by  the  tooth  cpx^^  i^e  curve  no 
which  i»  parallel  to  the  epicyclpid  cp,  aiid  i^  dist^f;  froip  the; 
radius  of  fhfi  ppipdlp  p,  w\\l  alwa)r«  touch  ^h^  circm»f^r^oqB 
0)'  that  spindle;  hence  t^e  ci^irve  ko  will  moyp  the  cyliodrpf 
spindle,  just  as  the  tooth  cfl,  formed  by  two  epicyclpidai 
portions,  would  move  the  axis  K  of  that  spindle;  consequently, 
the  tooth  Hos  has  the  proper  form  to  moy^  ^  l^J^^^rp  with  th^ 
proposed  cylindric  spipdl^^* 

When  the  common  radius  of  th^  spindl^^  pf  |;he  l^pterp  i^  mk 
given,  if  it  be  pece^ary  tp  eovrect  the  first  |e^h  pf  thp  yfki^\ 
CPL,  AgN,  so  that  tb^  aew  teeth  shall  Wv^  betwwp  Jb^W 
vacuities  equal  to  the  breadth  pf  their  fi^et;  and  if  it  be  prppp^, 
likewise,  that  the  play  pf  the  engagenient  shoulc}  always  h^ 
ei^ual  to  AL  ;  then  divide  into  twP  equal  parts  c  o  an^  Pl^  the fpPi 
ot  the  tooth  CL,  and  haypg  taken  pn  both  sides  pf  the  ppipt  n, 
two  parts  Da  and  p^  equal  tp  ^  of  the  are  ajc,  \h^  ar^  ^ip  wi)l 
be  the  foot  of  the  new  tqpth  deipapdedf  Then,  with  ^  r#4i|i4 
equal  to  the  chord  of  the  arc  ca,  trao^  put  the  cir(^le$  A«  ^t  Us 
&c.  which  will  represent  the  magnitude  of  the  spindles  ^  ^hp 
lantern.  I^astly,  tp  cpmplete  the  correction  of  the  first  ^ti) 
of  the  wheel,  deacribe  v^ith  the  same  radius,  pn  the  plape  of 
them,  as  m^ny  sipall  arcs  as  may  be«  having  theii^  centres  in  th^ 
epicyclpids  which  comprise,  the  first  teeth :  apd  if  there  be  drawq 
curves  through  all  these  ^maU  arcs»  sqp.h  as  no  and  so,  or  ty 
and  VY,  we  shall  have  pe^^  teeth  i^os,  pud  tvy,  ^fvhich  will 
leave  vacuities  between  them  equal  tp  (he  breadth  of  their  feeli 
M^hicb  will  have  the  play  demanded)  while  acting  in  ^ach  o(hpr» 
and  which  will  drive  the  spindles  whose  ^izei  has  been  detei^r 
mined,  in  like  manner  as  |he  (prmei*  teelh  wppld  h^ve  driven 
9pindles  infinitely  thin. 

Now,  as  the  t^^  o  curved  sides  of  each  of  the  new  teeth  mptp* 
ally  terminate  in  the  point  or  edge  of  concourse,  it  is  cle^r  |ha( 
the  distance  of  pf  the  point  of  one  of  the^  new'  teeth  from 
the  centre  f  of  the  wheel  will  be  the  gi^eatest  (rue  rc^ius^  ^e 
wheel  wUl  admit  pf.  And,  wh^p  a  spipdie  ^  has  beep  moved 
till  the  centre  a  of  the  foUpwipg  apipdle  is  in  the  line  pF  of  th? 
centres,  the.sphidle  a  mf^,  in  its  tprn^  bp  i[0^PYe4  by  t.he  wc- 
eeeding  tooth  ty y ;  and  then  it  will  be  np  longer  pecessa;*y  for 
the  tooth  aos  to  moye  tlie  cylindri^  spindle  ^.  The  tooth 
»os,  therefore,  may  be  terminated  at  the  point  x  wheir^  H 
touches  the  spuidle  e,  when  the  centre  of  the  futccfeding  spipdi^ 
U  in  the  line  of  the  ceutL:esi  and  the  di^^pi^^e  xif  pf  tb^<  poipt 


of  •contact  from  the  centre  of  die  wheel  wiU  be  the  least  true 
radius  the  wheel  will  admit  of.  It  will  be  proper  to  give  the 
triife  mdias  of  the  wh^l  aoimn  length  between  op  and  xf,  and 
to  file  or  round  6^  the  (X)litt  of  th0  tooth. 

The  teeth  of  the  wheel  beii^  thus  ccMistructed*  it  is  obvioal* 
tb^  they  will  aot  move  the  spindles  till  their  centres  have  ar^ 
rived  at  tbe  line  of  centres ;  and  thai:  the  spindle^,  on  the  coQ'^; 
trarVy  will  move  these  teeth  by  impelling  them  towards  the  line 
of  the  cenitres  Ct^  and  until  their  centres  have  arrived  at  that 
line. 

Tbe  sides  tz  and  £&,  of  the  vacuities  sunk  in  the  primitive 
wheel,  hema  directed  towards  th^  c^itife  f  of  the  wheel,  the 
rounding  oAho  spindle  which  proceeds  beyond  the  primitive 
circle  of  the  Janterny  ought  to  have  the  shape  of  an  epicydoidf 
which  has  br  it^  base  the  primitive  circle  of  the  lantern^  and  ia 
generated  by  a  cir<;le  having  a  diameter  equal  to  ihe  radius  af 
of  the  wheel.  H^nee  a  iCircuJar  spindle  does  not  appear  proper 
10  be  carried  toyvards  the  line  of  the  centres^  by  the  side  rz  of 
tbe  vacuity  sunk  into  the  primitive  wheel.  But  the  preceding 
ilpindle  £,  being  conducted  by  the  preceding  tooth  of  tbe  wheeli 
until  the  centre  of  the  spindle  a  has  arrived  in  the  line  of  the 
Qentres,and  the  space  ta  which  the  right  line  tz  ought  to  make 
the  ^indle  pass  over,  before  it  attains  the  line  of  the  centres^ 
being  very  snort  J  the  arc  of  the  spindle  on  which  the  side  Ta 
will  slide,  in  driving  that  spindle,  will  be  so  minute  that  it  may 
be  taken  for  a  small  arc  of  an  epicycloid ;  and  <^consequence» 
if  there  be  any  want  l>f  uniformity  in  the  movement  of  the 
llantern  by  the  wheel,  during  tbe  little  time  the  part  tz  of  tbe 
tpotb  moves  the  spindle,  this  deviation  from  unitormity  will  be 
too  small  to  be  sensible. 

'  It  may  not  be  amiss  to  obsei^ve  that^  since  the  teeth  -of  a 
wbe^l  must,  by  impelling  the  spindles  of  a  lantern,  remove  them 
from  the  line  of  the  centres,  and  since  no  shocks  need  be  feared 
in  this  method  of  moving  a  lantern,  a  lantern  may,  withoul 
any  inconvenience,  be  caused  to  be  moved  by  a  wheel.  But, 
linoe,  on  the  other  band,  the  spindle  of  a  lantern  ought  b^  im^ 
palling  the  teeth  of  a  wheel  to  bring  them  nearer  to  tbe  Ime  of 
the  centres,  and  since  shocks  may  occur  in  this  method  of  driv* 
ing  a  wheel>  it  seems  reasonable  to  conclude  that  a  pinion  is 
preferable  to  a  lantern  when  a  wheel  is  to  be  driven. 

We  may  next  proceed  to  consider  the  case,  in  which,  kni3W-» 
ing  the  number  ox  teeth  'm  a  wheel,  and  the  number  of  tbe  leaves 
0t  tl^  pinion  upon  which  it  is  to  act,  with  the  dbtance  of  theiv 
centres,  we  wish' to  determine  their  primitive  and  true  radii, 
as  weU  as  the  fic>rm  of  tbe  teeth  of  the  wheel,  and  the  leaves  of 
tb?*  pinion.  Ijiere^  having,  as  in  tb^ibraier  instance,  divifded  the 
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distance  fb  of  the  centres  (ifig.  18.  pi.  X  X  Xlt.)  into  two  parts 
AF  and  AB,  proportional  to  tne  numbeP  of  the  teeth  of  the  wheel, 
and  leaves  of  the  pinion  respectively,  these  parts  will  be  riie 
primitive  radii  of  the  wheel  and  the  pinion  ;  and  if  there  be 
described  with  these  two  parts  as  radii,  from  the  points  F  and  b 
as  centres,  two  circumferences  aqr,  atx,  touching  each  other 
in  the  point  a,  they  will  be  those  of  the  primitive  wheel  and 
pinion; 

It  is  common  to  shape  a  wheel  so  that  the'  breadth  of  the 
teeth  is  equal  to  that  of  the  vacuities,  which  is  called  by  the 
French- — Fendre  une  roue  tant  plein  que  vuide.  In  this  case, 
divide  the  primitive  circumference  of  the  wheel  into  twice  as 
many  equal  parts  as  it  ought  to  have  teeth,  in  order  to  fix  the 
teeth  CA,  LQ,  &c.  of  these  teeth,  and  the  vacuities  al,  oq,  &c. 
which  ought  to  be  interposed.  But  if  it  be  proposed  that  the 
teeth  should  fill  more  space  than  the  vacuities,  as  is  proper  in 
certain  circumstances,  we  must  first  divide  the  primitive  cir- 
cumference into  as  many  equal  parts  cl,  lo,  &c.  as  it  ought  to 
have  teeth ;  and  afterwards  divide  each  part,  such  as  cl,  into 
two  other  parts,  ca,  al,  one  of  them  equal  to  the  breadth 
which  we  would  give  to  each  tooth,  and  the  other  equal  to  the 
interval  proposed  to  be  put  between  two  teeth.  The  feet  ca, 
LQ,  &c.  of  all  the  teeth  being  determined  upon  the  primitive 
circumference  of  the  wheel,  draw  through  the  extremities  of 
these  teeth,  towards  the  centre  of  the  wheel,  right  lines  cc,  a^, 
I  J,  dj,  &c.  nearly  equal  to  the  breadth  ca,  La,  of  these  feet,  to 
mark  out  the  straight  flanks  of  the  teeth  ;  and  through  the  ex- 
tremities of  each  foot,  as  ca,  let  there  be  drawn  two  equal 
epicycloids  cp,  ap,  whose  generating  circle  aey  has  the  radius 
AB,  of  the  pinion,  for  its  diameter,  and  both  of  which  have  the 
primitive  circumference  of  the  wheel  for  the  base.  These 
epicycloids,  when  traced  out,  will  include  those  parts  of  the 
teeth  which  project  beyond  the  primitive  circle  of  the  whed, 
in  such  manner,  that  the  right  line  Ft',  drawn  from  the  centre 
of  the  wheel  to  the  point  p,  of  concourse,  of  the  two  epicycloids 
of  one  tooth,  will  be  the  greatest  true  radius  which  the  wheel 
admits,  relatively  to  the  spaces  given  to  the  teeth,  and  to  the 
intervening  vacuities* 

Having  divided  the  primitive  circumference  of  the  pinion 
into  as  many  equal  parts  ou,  hs,  &c.  as  it  ought  to  have  leaves, 
each  part,  as  oh,  must  again  be  divided  into  two  other  parts  oo, 
OH,  one  equal  to  the  thickness  we  would  give  to  the  leaf,  and 
the  other  to  the  breadth  of  the  vacuity  proposed  to  be  left 
between  two  leaves ;  giving  to  oh  a  breadth  rather  exceeding 
that  of  a  tooth  of  the  wheel,  to  furnish  suitable  play  to  the 
eng^ement.     All  the  breadths  oo,  nh,  &c.  being  thus  deter- 
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mined^  draw  right  lines  a  liitle  longer  ihao  the  projection  vpy  of 
the  teeth  of  the  wheel,  beyond  their  primitive  circle,  through 
their  extremities^  towNurdB  the  centre  b  of  the  pinion ;  and  these 
linea  will  serve  as  flanks  to  the  leaves  of  the  pinion^  and  wUl 
determine  the  vaoiities  in  which  the  teeth  of  the  wheel  will  act 
with  the  proper  play.  Then  describe  through  the  ^tremities 
of  the  straight  sides,  of  each  leaf  two  epicycu>ids^  as  oms  om^ 
whose  generating  circle  ;avf  has  for  diameter  the  radius  of  the 
^heel)  and  both  of  which  have  for  base  the  primitive  circnm- 
fei^nce  of  the  pinion :  these  epicycloids  being  traced  out^  will 
^contain  between  them  the  parts  of  the  leaves  which  project 
:beyond  the  primitive  circle  of  the  pinion,  so  that  the  right  line 
Bm  drawn  from  the  centre  of  the  pinion  to  the  point  of  conconrse 
m  of  the  two  epicycloids  of  the  same  leaf  will  be  the  greatast 
•true  radius  that  the  [Mnion  will  admit  of,  relatively  to. the 
thickc^s^  of  its  leaves.  The  parts  of  the  teeth  of  botli  wbi^l 
aojd  pinion  which  are  left  unshaded  in  the  figure  may  be 
rounded  off,  being  never  exposed  to  mutual  action  upon  one 
aaother. 

The  preceding  diroeticnas  may  suffice  to  convey  a  tolerably 
distinct  notion  of  the  scientific  method  of  forming  teeth  pf 
wheels  to  act  with  either  pinions  or  Janterns,  when  the  motion 
is  .communicated  in  the  same  plane:  our  next  business  i$.  to 
speak  of  the  teeth  of  crown-wheels,  when  driving  either  a 
lantern,  or  another  wheel,  their  axles  being  in  different  planes. 
The  space  assigned  to  this  article  compels  us  to  confine  our* 
selves  to  the  c»se  of  a  crown-wheel  driving  a  lantern,  who^ 
spindles  are  ranged  in  the  surface  of  a  cone,  in  which  ca^e 
the  teeth  must  be  shaped  by  means  of  a  spherical  ei^cycloid*. 
Here. the  first, thing  is  to  trace. out  the  teeth  of  a  wheel  4s 
though  it  had  to  drive  a  lantern  with  spindles  infinite^  thin, 
jdbaerving  to  leave  for  the  play  of  the  engagement  small  void 
places  between  the  feet  of  all  the  teeth.  Then,  having  made 
alaotern  with  conical  spindles,  all  the  summits  of  which,  con- 
verge to  the  centre  c  of  the  spherical  zone,  (figs.  1,  ^.  pi. 

.  *  Let  thnre  be  a  right,  cone,  &e  fuiaimt  of  which  c  remaios  immoveable :  if  the 
base  of  this  cone  be  made  to  revolve  on  any  plane  has  (figs.  I,  2.  pi.  XXXV.) 
placed  at  pleasure  in  respect  of  the  point  c,  and  if  we  imagine  a  style  or  tracer  situated 
!n  the  point  a  of  the  circumference  of  the  revolving  circlet  this  style  A  will  describe 
dttriDg  its  motion  a  curve  called  a  sphericai  epicyMd,  This  curve  has  not,  that  we 
are' aware  of,  been  treated  at  laige  in  an  English  work;  but  the  curious  reader  may 
consult  the  following  papers  in  foreign  publications.  Jacobi  Hermanni  de  Epicy- 
cloidibus  sphcericis.  Comment .  Acad.  Petropol.  torn.  i.  an.  I7'i6;— De -la  Hive 
.Traitedes  Epicj^loidea,  et  deleura.  usages  dans  Jes  Mecbaniqiies.  Hist.  acad.  roy. 
Paris.  1730,  torn.  9  ; — ^Probleme  sur  les  Epicydoides  spheriques,  par  M.  Bernoulli, 
Mem.  Acad.  Roy.  Par.  17S2  ; — ^Des  Epicycloides  spheriques,  par  M.  Clairaut,  Do. 
an.  1732;— A.  X  Lexel,  de  Epicyclotdibus  in  snperficie  sphaerica  descrtptisb  Act. 
Acad.  Imp.  Petropol  1779.  P.  2.  p.  49. 
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XXXV.)  in  vthkh  the  ej^iord^idAl  teeth  ba^e  been  nxit^intJrk 
on  the  exterior  tar&ce  of  thii  zone  the  dianeter  which  ont 
^indle  has  at  the  place  a,  that  answers  to  such  anrfiice ;  and 
mark,  likewise,  on  the  interior  «urfece  of  the  same  brit,  the 
diameter  which  the  same  s^Hndle  has  at  the  point  a  mhet^  it 
eats  that  surface. 

The  diameters  which  the  spindles  wiH  haiw  in  t^  opposite 
surfaces  of  the  toodied  spherical  ix>tte,  beii^  marked  upon  these 
surfeoes,  take  upon  the  same  the  chords  of  hsif  tihe  arcs  to 
which  these  diameters  answer^  These  choHEts^  which  will  not 
be  sensibly  longer  than  the  radii  of  a  spindle,  lAeasured  at 
the  places  where  it  is  cut  by  the  two  spherical  euriaces  of  the 
2one,  being  taken  for  radii ;  describe  on  the  exoerior  and  imerior 
faces  of  each  tooth  as  many  little  arcs  as  can  well  be,  having 
their  centres  in  the  epicycloids,  between  which  these  faces  are 
contained.  Then,  making  curves  to  touch  all  these  little  arcs, 
such  as  oM,  VN,  which  will  necessarily  be  paraUei  to  the 
epicycloids  first  traced  out,  and  whidi  will  form  the  curved 
parts  of  the  new  teetb^  proper  to  drive  the  conical  4ipindte 
already  spoken  of,  make  in  the  rim  of  the  wheel,  below  the 
primitive  circle  res^  hollows  such  as  vxts^,  terminated  by  the 
planes  which  pass  through  the  axis  of  the  wheel  and  the  origins 
V,  and  Y,  of  the  curves  parallel  to  the  epicycloids.  The  carves 
OM  and  v.v,  and  the  straight  flanke  o^  and  viL,  of  every  new 
tooth,  being  traced  upon  the  interior  and  exterior  surfaces  of 
the  sphericiu  2one,  let  the  teeth  be  cut  so  that  a  right  line  fixed 
by  its  extremity  at  the  centre  c  of  the  d^dtated  zone,  being 
carried  along  the  sides  pom,  xvn,  of  the  exterior  surfkce  S 
each  tooth,  may  be  applied  exactly  upon  the  lateral  surfisi^es  of 
these  teeth ;  then  will  be  had  a  proper  wheel  to  move  the  lan- 
tern with  conical  spindles^  for  which  it  has  been  constructed. 

Though  figs.  1,  2.  exhibit  only  spherical  epicycloids,  con<. 
taining  the  exterior  faces  of  the  first  te^th^  proper  to  mtyve 
infinitely  thin  spindles,  and  though  to  avoid  confusion,  thi>se 
have  been  suppressed  which  ought  to  contain  the  interior  fiuses 
of  the  same  teeth ;  we  have,  nevertheless,  traced  out  all  the 
curves  which  must  be  drawn  parallel  to  these  epicycloids  in 
order  to  reform  the  first  teeth,  and  put  them  in  a  st^te  to  move 
uniformly,  a  lantern  with  conical  spindles,  the  common  vertex 
of  which  is  in  the  axis  of  the  wheel.  Also  as  the  small  arcs 
of  circles  which  ought  to  have  tlieir  centres  iti  the  spheric^ 
epicycloids,  and  through  which  it  is  requisite  to  draw  the  curves 
parallel  to  these  epicycloids^  might  have  caused  confusion  had 
they  been  traced  upon  the  faces  of  all  the  teeth,  they  have  been 
described  to  form  only  one  exterior  side  df  that  tooth  which  is 
marked  h. 


C^imis^s  di880rt0iio0,  wrbbb  oceufftes  move  tWa.  lOO  p«e^  i» 
his  Coarse^  giv^  nianjr  other  usefiU  dircselioiis  for  the  format 
tbn.of  teeth  fcM-  different  piairposes,  and  ^dtibitB  severfil  iogcM 
niou»  rules  for  the  calcialAtioii  of  the  rehuave  mifohers  of  the 
teeth  in  clock-work,  and  other  machinery.  As^  howevenv  the 
other  parts  of  Camus's  Course  contain  but  little  thai  is  im- 
^ntanli  and  valuable  in.  the  present  advanced  state  of  math«3ma«- 
tical  knowledge,  we  are  glad  to  be  iU>le  to  rder  the  Eogbsfa 
reader  ta  a  translation  of  that  part  of  bis  work  ak>oe:  which 
relates  to  the  present  subject,,  and  which  has  been  recently 
puUished  by  Mr.  Taylor^  of  the  Architectural  Library,  HoU 
born. 

Tbe  preceding  ar«  aome  of  the  best  methods  suggested  bv 
tjieory  for  the  formalAon  of  tbe  teeth  of  wheels ;  but  it  is  seL 
dom  indeed  that  any  of  them  are  made  use  of  by  practical  me- 
chanics*    Among  them  vavious^  methods-  are  practised^  almost 
every  celebrated  millwright  or  engineer  having  his  favourite 
oonstruclioQ  :  of  theae  we  shall  only  describe  one  in  this  place ; 
aiKl  that,  being  tolerably  easy  in  application,  allowing  much 
strength  to  the  teeth,  while  it  is  prctity  fisee  bom  friction  in 
comparison  with  many  pmctical.methods,  may  sometimes,  per* 
baps,  be  safely  adopted.     Let:  a  and  B.(fig.  llv  pi*  XXXV.)' be 
two  spur-wheels  of  dUEecent  diameters,  of  which  tbe  cogs  are 
intended  to  work  into  each  other  half  the  pitch.    The  dotted 
circular  arcs  gh,  £F,  touching  each  other  between  s  and  d^  are 
tbe  centre  or  pitch  Unes,  (vom  wbich  the.  teeth  are  formedl     If 
Ibe  teeth  of  both  wheel&are  iron,.as  is  generally  the  case  im  tht 
first,  motinas  of  works,  those  teetb  are  then  made  nearly  botH 
c^  a  size  ati  tbe  pitch  line :  but  i£  the  teeth  of  one  be  wood  and 
the  other  iron,  then  the  irmt'  onea  are  made  to  have  a*  gaod  deal 
less  {Htcb  than  the  wooden  ones;  for  then  they  are  found  to 
wear  better**   In  the  figure  bcithiare  supposed  of  imn.  Suppose 
the  wheels  to  move  from^o  Upwards  b^  and  fmm  fi  towards  iv 
audi  that  tbe  sides  of  die  teeth  at  6^.c,  and  d^  e^  are  in  centact^ 
FroiSQ  b  as  a. centre  with  a  radius, equal  to ^  describe  the  anes 
pdf  hns  from  4  as  a  centre  with  the  same  raaius  tbe  arcs  hijjgfy 
ck»    Thus  the  smuc  opening  of  the  compasses,,  and  a  centise 
chosen  where  the  wheels  are  in  contact  on  the  pitch  line,  wiU 
mark  the  contour  of  the  upper  part  of  a  tooth  of  one  wheel,  and 
the  low^  part  of  a  corresponding  tooth  of  tbe  othei^  wheel: 
and  by  tak^g  several  centres,  on  the  two  pitch  lines>  the  various 
teeth  may  be  formed  #    To  prevent  the  cogs  from  batfommgy  as 
tbe  workmen  oall  it^  let  tbe  low'er  part  r^^  ^one  tooth  be  made 
rather  longer^  than  the  upper  part  pd  of  the  other  which  is :  to 
play  iato  it.    The  way  m.  whicb  cogs  thus  constPuci^>  will 
work,  into  oneaoptber)  Mttjn  be  undeestood  Iqir  ooiisiderMg  ibe 
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motion  of  two  of  them,  n  and  o  for  example :  when  they  first 
come  into  contact  they  will  appear  as  at  the  cunre  ^b  fx  ;  when 
they  arrive  at  Q  the  same  sides  will  appear  as  in  the  dotted  lines 
there  represented ;  and  when  the  same  arrive  at  rs,  they  are  in 
contact  on  their  middle  points. 

[n  bevel  work  (see  fig.  7.  pi.  HI.)  when  this  method  of  form- 
ing the  teeth  is  adopted,  the  radii  Ay,  gtfy  of  the  wheels  must  not 
be  taken  as  those  of  the  spmvwheel ;  but  drawinga  line  through 
y  perpendicular  to  try,  till  it  meets  xff^  and  a  A,  produced,  the 
segments  of  that  line  intercepted  between  v,  and  the  produced 
lines  ofg^  xh^  must  be  used  as  the  radii  of  the  spur-wheels,  and 
the  other  part  of  the  construction  will  be  as  above.  The  line 
through  y  drawn  perpendicular  to  jry,  is  called  by  millwrights 
square  oj  the  bevel.  For  more  on  the  subject  of  bevel  geer, 
consult  the  introductory  part  of  this  volume.  And  for  Mr. 
Maudslay^s  contrivance  for  ctdting  teeth  of  wheels,  see  the 
article  turning. 

A  very  ingenious  disquisition  on  the  theory  and  practice  of 
forming  teeth  and  pinions,  &c.  is  given  by  M.  Hachette  in  his 
Traits  des  Machines;  but  the  illustrative  plates  are  too  numer- 
ous and  too  large  to  be  conveniently  introduced  into  this  work. 
TELEGRAPH  (derived  from  rijX^  and  YP^^)^  is  ^^^ name 
very  properly  given  to  an  instrument,*  by  means  of  which  in- 
formation may  be  almost  instantaneonsly  conveyed  to  a  consi- 
derable distance. 

The  telegraph,  though  it  has  been  generally  known  and  used 
by  the  moderns  only  for  a  few  years,  is  by  no  means  a  modem 
invention.  There  is  reason  to  believe  that  amongst  the  Greeks 
there  was  some  sort  of  telegraph  in  use.  The  burning  of  Troy 
was  certainly  known  in  Greece  very  soon  after  it  happenedf, 
and  before  any  person  had  returned  frifm  thende.  Now  that 
was  altogether  so  tedious  a  piece  of  buaness,  that  conjecture 
never  could  have  supplied  the  place  of  information*  A  Greek 
play  begins  with  a  scene,  in  which  a  watchman  descends  from 
the  top  of  a  tower  in  Greecei  and  gives  the  information  that  Troy 
was  taken.  '<  I  have  been  looking  out  these  ten  years  (says  he) 
to  see  when  that  would  happen,  and  this  night  it  is  done.*^  Of 
the  antiquity  of  a  mode  oi  conveying  intelligence  quickly  to  a 
great  distance  this  is  certainly  a  proof. 

The  Chinese,  when  they  send  couriers  on  the  great  canal,  or 
when  any  great  man  travels  there,  make  signals  by.  fire  from  one 
day's  journey  to  another,  to  have  every  thing  prepared;  and 
most  of  the  barbarous  nations  used  formerly  to  give  the  alarm  of 
war  by  fires  lighted  on  the  hills  or  rising  grounds. 

Poiybius  oms  the  different  instruments  used  by  the  ancients 
for  communicating  information  ffvpo'aat,  pi^rsue^  because  the 
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signals  were  always  made  by  means  of  fire.     At  first  they,  com- 
municated information  of  events  merely  by  torches;  but  this 
method  was  of  little  use,  because  it  was  necessary  beforehand 
to  fix  the  meaning  of  every  particular  signal.     Now  as  events, 
are  exceedingly  various,  it  was  impossible  to  express  the  greater, 
number  of  them  by  any  premeditated  contnvance.     It  was 
easy,  for  instance,  to  express  by  signals  that  a  fleet  had  arrived' 
at  such  a  place,  because  this  had  been  foreseen,  and  signals 
accordingly  had  been  agreed  upon  to  denote  it ;  but  an  unex* 
pected  revolt,  a  murder,  and  such  accidents,  as  happen  but  too 
often,  and  require  an  immediate  remedy,  could  not  be  com- 
municated by  such  signals ;  because  to  foresee  them  was  im- 
possible. 

A  new  method  was  invented  by  Cleoxenus  (others  say  by 
Democritus),  and  very  much  improved  by  Polybius,  as  he  him-, 
self  informs  us.     He  describes  this  method  as  follows :  Take  the 
letters  of  the  (Greek)  alphabet,  and  divide  them  into  five  parts, 
each  of  which  will  consist  of  five  letters,  except  the  last  divi- 
sion, which  wiil  have  only  four.     Let  these  be  fixed  on  a 
board  in  five  columns.      The  man  who  is  to  give  the  ^gnals  is 
then  to  begin  by  holding  up  two  torches,  which  he  is  to  keep 
alofl  till  the  other  party  has  also  shown  two.     This  is  only  to 
show  that  both  sides  are  ready.     These  first  torches  are  Uien 
withdrawn.     Both  parties  are  provided  with  boards,  on  which 
the  letters  are  disposed  as  formerly  described.     The  persc»),. 
then,  who  gives  the  signal  is  to  hold  up  torches  on  the  left,  to 
point  out  to  the  other  party  from  what  column  he  shall  take  llie 
tetters  as  they  are  pointed  out  to  him.     If  it  is  to  be  from  the' 
first  column,  he  holds  up  one  torch  ^  if  from  the  seconc^,  two ) 
and  so  on  for  the  others.     He  is  then  to  hold  up  torches  oi^tbe 
riffht,  to  denote  the  particular  letter  of  the  column  that  is  t6  be 
taKen.     All  this  must  have  been  agreed  on  beforehand.     The; 
man  who  gives  the  signals  must  have  an  instrument  ($i(yitTpav\ 
consisting  of  two  tubes,  and   so  placed  as  that,  by  looking 
through  one  of  them,  he  can  see  only  the  right  side,  and  througS 
the  otner  only  the  left,  of  him  who  is  to  answer.      The  board 
must  be  set  up  near  this  instrument ;  and  the  station  on  the  rigbt 
and  left  must  oe  surrounded  with  a  wall  (ita^anfs<f>ax^ou)  tenieet. 
broad,  and  about  the  height  of  a  man,  that  the  torches  raised, 
above  it  may  give  a  clear  and  strong  light,  and  that  when  taken 
down  they  may  be  completely  concealed.    Let  us  now  suppose 
that  this  mformation  is  to  be  communicated — -A  number  qfth^ 
availiaries^  about  a  hundred^  have  gone  over  to  the  enemy.  In  thje ' 
first  place,  words  must  be  chosen  that  will  convey  the  informa- 
tion m  the  fewest  letters  possible ;  as,  A  hundrea  Cretans,  havet 
deserted^  Kpsres  sxaroy  af  rii/,uipyfjrofji>o>fifray. .  Having  written  .dow^> 
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this  sentence,  it  is  conveyed-  in  this  manner.  The  first  letter 
is  a  K,  which  is  in  the  second  column ;  two  torches  are  there- 
fore to  be  raised  on  the  left  hand,  to  inform  the  person  who 
receives  the  signals  to  look  into  that  particular  column.  Then 
five  torches  are  to  beheld  upon  the  right,  to  mark  the  letter  t, 
which  is  the  left  in  the  column.  Then  four  torches  are  to  be 
held  up  on  the  left  to  point  out  the  p  (r\  which  is  in  the  fourth 
column,  and  two  on  the  right  to  show  that  it  is  the  second  letter 
of  that  column.  The  other  letters  are  pointed  out  in  the  same 
manner. — Such  was  the  pyraia  or  telegraph  recommended  by 
Polybius      See  Polyb.  Lib.  x.  Ext.  7.  cap.  2. 

But  neither  this  nor  any  other  method  mentioned  by  the  an- 
cients seems  ever  to  have  been  brought  into  general  use :  nor 
does  it  appear  that  the  modems  had  thought  of  such  a  machine 
as  a  telegraph  till  the  year  1668,  when  the  Marquis-  of  Wor- 
cester, in  his  Century  of  Inventions^  affirmed  that  he  had  dis^ 
covered  '^  a  method  by  which,  at  a  window,  as  fkr  as  eye  can 
discover  black  from  white,  a  man  may  hold  discourse  with  his 
correspondent,  without  noise  made  or  notice  taken;  being  ac- 
cording^ to  occasion  given,  or  means  afforded,  ex  re  nata,  and 
no  need  of  provirion  beforehand  ;  though  much  better  rf  fore- 
seen, and  course  taken  by  mutual  consent  of  parties;^'  This 
could  be  done  only  by  means  of  a  telegraph,  which'  in  the  liext 
sentence  is  declared  to  have  been  rendered  so  perfect,  that  by 
means  of  it  the  correspondence  could  be  carried  on  ''by  night 
aft  well  as  by  day,  though  as  dark  as  pitch  is  black.'' 

Dr.  Hooke,  whose  genius 'as  a  mechanical  inventor  was  per- 
haps never  surpassed,  delivered  ai  ^'  Discourse  to'  the  Royal 
Society,  May  SI,  1684,  showing  a  way  how  to  communicate 
one's  mind  at  great  distances. '*  In  this  discourse,  he  asserted  the 
possibility  of  conveying  intelligence  from  one  place*  to  another 
at  the  distance  of  30,  40^  100,  120,  &;c.  miles,  <'  in  as  short  a 
time  altnost  as  a  man  can  write  what  he  would  have  sent.*^  He 
taAcea  to  his  aid  the  then  recent  invention  of  the  telescope,  and 
^plbins  the  method  by  which  characters  exposed  at  one  station 
may  be  rendered  plain  and  distinguishable  at  the  others.  ITe 
direets',  "  Firsts  for  the  stations ;  if  they  be  far  distant,  it  will 
be  necessary  that  they  should  be  high,  and  lie  exposed  to' the 
sky  ;  that  there  be  no  higher  hill,  or  part  of  the  earth  Beyond 
tbem^  that  may  hinder  the  distinctness  of  the  characters  that 
sretty: appear  dark,  the  sky  beyond  them  appearing  white:  by 
which' means  aho  the  thick  and  vaporous  air  near  the  ground 
will  be  passed  over  and  avoided.^  *'  Next,  the  height  of  the  sta- 
tions is  advantageous,  upon  the  account  of  the  refractions  or 
inflations  of  the  air.'*  **  Next,  in  choosing  of  these  stations, 
oufe  must  be  taken^  as  near  as^  may  bei  that  there  be  no  hilttKat 
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\  interppseft  between  them,  that  is  almost  high  enough  to  tooch 

the  visible  ra^ ;  because  in  such  cases  the  refraction  of  the  air 
of  that  hill  will.be  very  apt  to  disturb  the  clear  appeajcance  of 
the  object."     "  The  next  thing  to  be  considered  is,  what  tele- 
scopes will  be  necessary  for  such  stations.'^    ^<  One  of  these  te- 
lescopes must  be  fixed  at  each  extreme  station,  and  two  of  them 
In  each  intermediate ;  so  that  a  man  for  each  glass,  sitting  and 
lookiqg  through  them,  may  plainlv  discover  what  is  done  m  the 
ne;xt  adjoining  station,  and  with  nis  pen  write  down  on  paper 
the  characters  there  exposed  in  their  due  order;  so  that  there 
ought  to  be  two  persons  at  each  extreme  station,  and  three  at 
each  intermediate;  so  that,  at  the  same  time,  intelligence  may 
be  conveyed  forwards  and  backwards.^   "  Next,  there  must  be 
certain  times  agreed  on,  when  the  correspondents  are  to  ex- 
pect; or  else  there  must  be  set  at  the  top  of  the  pole,  in  the 
morning,  the  hour  appointed  by  either  of  the  correspondents 
for  acting  that  day :  if  the  hour  be  appointed,  pendulum  clocks 
may  adjust  the  moment  of  expectation  and  observing/'  '^  Next, 
there  must  be  a  convenient  apparatus  of  characters,  whereby 
to  comnmnicate  any  thing  with  great  ease,  distinctness,  and  ^e* 
cresy.     And  those  must  be  either  day  characters  or  night  cha- 
racters.''   The  day  characters  **  may  all  be  made  of  three  sKt 
deals :"  the  night  characters  ^'  may  be  made  with  links,  or  other 
lights,  disposed  in  a  certain  order.''     The  doctor  invented  24* 
simple  characters,  each  constituted  of  right  lines,  for  the  letters 
of  the  alphabet;  and  several  single  characters,  made  up  of 
semicircles,  for  whole  sentences.     He  recommended  that  turee 
very  long  masts  or  poles  should  be  placed  vertically)  and  joined 
at  top. by  one  strong  horizontal  beam;   that  a  large  screen 
should  be  placed  at  one  of  the  upper  corners  of  this  frame,  be- 
hind which  all  the  deal-board  characters  should  hang,and  by  the 
help  of  proper  cords  should  quickly  be  drawn  forwards  to  be 
e^cposed,  and  then  drawn  back  agam  behind  the  screen.  *^  By 
these  means,"  says  the  doctor,  "  all  things  may  be  made  so  con- 
venient that  the  same  character  may  be  seen  at  Paris,  within  a 
minute  after  it  hath  been  exposed  at  London,  and  the  like  in 

Proportion  for  greater  distances ;  and  that  the  characters  may 
e  exposed  so  auick  after  one  another,  that  a  composer  shall  not 
much  exceed  tne  exposer  in  swiftness."  Among  the  uses  of 
this  contrivance,  the  inventor  specifies  these :  *'  The  first  is  for 
cities  or  towns  besieged ;  and  the  second  for  ships  upon  the 
sea ;  in  both  which  cases  it  may  be  practised  with  great  cer- 
tainty, security,  and  expedition."  The  whole  of  Dr.  H  poke's 
paper  was  published  in  Derham's  collection  oihis  Exmriments 
atid  Observations ;  from  which  it  appears,  that  he  ha^  brought, 
the  telegraph  to  a  state  of  fiir  greater  maturity  and  perfection 
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tl^n  M.  AmonioDSy  who  attempted  the  same  thing  about  tBe 
y^  170^;  and  indeed  to  a  state  little  ia&rior  to  several  which' 
have  been  proposed  during  the  last  thirty  years. 

It  was  not,  however,  till  the  French  revolution,  that  the  tele- 
graph was  applied  to  useful  purposes.     Whether  M.  Chappe, 
who  is  said  to  have  invented  the  telegraph  first  used  by  the 
]E*rench  about  the  end  of  ITOS,  knew  any  thing  of  Hooke's  or 
of  Amonton^s  invention,  it  is  impossible  to  say ;  but  his  tele- 
graph was  constructed  on  principles  nearly  similar.  Theman* 
ner  of  using  this  telegraph  was  as  follows :  at  the  first  staticm, 
which  was  on  the  roof  of  the  palace  of  the  Louvre  at  Paris,  M. 
Chappe,  the  inventor,  received  in  writing,  from  the  committee 
of  public  welfare,  the  words  to  be  sent  to  Lisle,  near  which 
the  French  army  at  that  time  was.  An  upright  post  was  erected 
on  the  Louvre,  at  the  top  of  which  were  two  transverse  arms, 
moveable  in  all  directions  by  a  single  piece  of  mechanism,  and 
with  inconceivable  rapidity.  He  invented  a  number  of  positions 
for  these  arms,  which  stood  as  signs  for  the  letters  of  the  al- 
phabet ;  and  these,  for  the  greater  celerity  and  simplicity,  he 
reduced  in  number  as  much  as  possible.     The  grammarian  will 
easily  conceive  that  sixteen  signs  may  amply  supply  all  the 
letters  of  the  alphabet,  since  some  letters  may  be  omitted,  not 
only  without  detriment,  but  with  advantage.     These  signs,  as 
they  were  arbitrary,  could  be  changed  every  week ;  so  that  the 
sign  of  B  for  one  day  might  be  the  sign  of  m  the  next;  and  it 
was  only  necessary  that  the  persons  at  the  extremities  should 
know  the  key.  The  intermediate  operator^  were  only  instructed 
generally  in  these  sixteen  signals  \  which  were  so  distinct,  so 
marked,  so  difierent  the  one  from  the  other,  that  they  were 
easily  remembered.  The  construction  of  the  machine  was  such 
tiiat  each  signal  was  uniformly  given  in  precisely  the  same  man- 
ner at  all  times :  it  did  not  depend  on  the  operator's  manual 
skill ;  and  the  position  of  the  arm  could  never,  for  any  one 
signal,  be  a  degree  higher  or  a  degree  lower,  its  movement  being 
regulated  mechanically. 

M.  Chappe  having  received  at  the  Louvre  the  sentence  to  be 
conveyed,  gave  a  known  signal  to  the  second  station,  which  wlas 
Mont  Martre,  to  prepare.  At  each  station  there  was  a  watch- 
tower,  where  telescopes  were  fixed,  and  the  person  on  watch 
gave  the^^aal  of  preparation  which  he  had  received,  and  this 
communicated  successively  through  all  the  line,  which  brought 
them  all  into  a  state  of  readiness.  The  person  at  Mont  Martre 
then  received,  letter  by  letter,.the  sentence  frou  the  Louvre, 
which  he  repeated  with  his  own  machine :  and  this. was  again 
repeated  from  the  next  height,  with  inconceivable  rapidity,  to 
the  final  ytation  at  Xiisle. 


The  first  description  of  the  tefec raph^  was  brought  from  Paris- 
to  Frankfort  on  the  Maine  by  a  former  meknber  of  the  parlin^ 
ment  of  Bourdeaux^  who  had  seeiii^bat  which  was  erected  on  the^ 
moanlkiQ^  of  Belvilte.  As  f^iven  by  Br.  Hutton  from  some  of  the 
English  papers^  it  is  as  foHows.  aa  is  a  beam  or  mast  of  wood 
placed  upright  oti  a  rising  gpt)und  (fig.  1.  pi.  XX  XII  I.),  which: 
i«  about  fifteen  or  sixteen  feet  high,     bb  iff  a  beam  or  balance 
xboving  upon  the  centre  a  a.  Th  is  bakmce^-beam  may  be  placed' 
vertically  or  horizon  tally,  or  any  how  inclined,-  by  mreans  of 
strong  cords,  which  are  fixed  to' the  wheel  b^  on'  the  edge  of 
Which  is  a  double  groove  to  receive  the  two  cords.      This  ba^ 
lance  is  about  eleven  or  twelve  feet  long,  and  nine  inches  broad, 
having  at  the  ends  two  pieces  of  wood*  cc,  which  likewise  turn 
upon  angles  by  means  of  four  other  cords  that  pass  through  the 
axis  of  the  main  balance,  otherM^ise  the  balance  would-  derange^ 
the  cords ;  the  pieces  c  are  each  about  three  feet  long,  and  may 
be  placed  either  to  the  right  or  left,  straight  or  square,  with^ 
the  balance-beam.     By  means  of  these  three  the  combination' of 
movement  is-  very  exteAsive^  remarkably  simple,  and  easy  to 
perform.     Below  is  a  small  wooden  gouge  or  hut,  in  whicb 
a  person  is  employed  to  observe  the  movements  cS  the  man 
chine.     In  the*  mountain  nearest  to  this,  another  person  is-  to 
repeat  these  movements,  and  a  third  to  write  them  down.  The* 
time  taken  up  for  each  movement  is  twenty  seconds;  of  whicK 
the  motion  alone  is  four  seconds,  the  other  16  the  machine  i» 
stationary.  Two  working  models  of  this  instrument  were  exe- 
cuted at  Frankfort,  and  sent  by  Mr.  W.  Playfair  to  the  Duke 
of  York  :  and  hence  the  plan  and  alphabet  of  the  machine  eamei 
to  England. 

Various  experiments  were  in  consequence  tried  upon  telo-^ 
graphs  in  this  country ;  and  one  yfas  soon  after  set  up  by  go^ 
vekument  in  a  chain  of  stationsfrom  the  Admiraity^Ofiiceto  the' 
sesucoast.  It  consisted  of  six  octagon  boards^  each  of  which  i^ 
poised  upon  an  axis  in  a  frame,  in  such  a  manner  that  it  could  be 
either  placed  vdrtically,  so  as  to  appear  with  its  full  size  to  the 
observer  at  the  nearest  station,  as  in  fig.  2.  or  to  become  tnvi-> 
sible  to  him  by  being  placed  horizontculy,  as  in  fig.  3.  so  that? 
the  narrow  edge  alone  was  exposed,  which  narrow  edge  is  from 
a  distance  invisible.  Fig.  ^.  is  a  representation  of  this  tele- 
graphy with  the  parts  all  shut,  and  the  machine  ready  to  work. 
T,  in  the  officer's  cabin,  is  the  telescope  pointed  to  the  next  sta- 
tioil.  Fig.  3.  is  a  representation  of  the  machine  not  at  wo#k, 
and^witb  toe  ports  all  open.  The  opening  of  the  first  port(fi^ 
2*)  etxprdsKfr  a^  the  second  &,  tile  third  c,  the  fourtfe  4  the  fifth 
d,  and' thesiRtb*^  && 

Six  boards  make  36  changes;  by  the  most  plain*  and  simple 
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mode  of  working ;  and  they  will  make  many  more  if  more  were 
necessary ;  but  as  the  real  superiority  of  the  telegraph  over  all 
other  modes  of  making  signals  consists  in  its  makinff  letters,  we 
do  not  think  that  more  cnanges  than  the  letters  of  thealphabet, 
and  the  ten  arithmetical  ciphers,  are  necessary ;  but,  on  the 
contrary,  that  those  who  work  the  telegraphs  should  avoid 
communicating  by  words  or  signs  agreed  upon  to  express  sen- 
tences ;  for  that  is  the  sure  method  never  to  become  expert  at 
sending  unexpected  intelligence  accurately. 

Several  other  telegraphs  have  been  proposed,  to  remedy  the 
defects  to  which  the  mstrument  is  still  liable.  The  diaL-plate  of 
a  clock  would  make  an  excellent  telegraph,  as  it  might  exhibit 
144  signs  so  as  to  be  visible  at  a  great  distance.  A  telegraph 
on  this  principle,  with  only  six  divisions  instead  of  twelve,  would 
be  simple  ana  cheap,  and  might  be  raised  20  or  30  feet  high 
above  the  building  without  any  difficulty:  it  might  be  supported 
on  one  post,  and  therefore  turn  rounds  and  the  contrast  of  co* 
lours  would  always  be  the  same. 

A  very  ingenious  improvement  of  the  tel^^aph  has  been 
proposed  in  the  Gentleman's  Magazine.  It  consists  of  a  semi-> 
circle,  to  be  properly  elevated,  and  fixed  perpendicularly  on  a 
strong  stand.  The  radius  1 2  feet ;  the  semicircle  consequently 
somewhat  more  than  36.  This  is  to  be  divided  into  24  parts. 
Each  of  these  will  therefore  comprise  a  space  of  18  inches,  and 
an  arch  of  1^  SO'  on  the  circumference.  These  24  divisions  to 
be  occupied  by  as  many  circular  apertures  of  six  inches  dia* 
meter ;  which  will  leave  a  clear  space  of  six  inches  on  each  side 
between  the  apertures.  These  apertures,  beginning  from  the 
left,  to  denote  the  letters  of  the  alphabet,  omitting  k,  j  con- 
sonant, V,  X,  and  a,  as  useless  for  this  purpose.  There  are 
then  21  letters.  The  four  other  spaces  are  reserved  for  signals. 
The  instrument  to  have  an  index  moveable  by  a  windlass  on  the 
centre  of  the  semicircle,  and  having  two  tops,  according  as  it 
is  to  be  used  in  the  day  or  night ;  one,  a  circular  top,  of  lac-* 

?[uered  iron  or  copper,  of  equal  diameter  with  the  apertures 
and  which  consequently  will  eclipse  any  of  them  against  which 
it  rests);  the  other,  a  spear  or  arrow-shaped  top,  black,  and 
highly  polished,  which  in  standing  before  any  of  the  apertures 
in  the  day*time  will  be  distinctly  visible. .  In  the  night,  the 
apertures  to  be  reduced  by  a  diaphrt^^  fitting  close  to  each,  so 
as  to  leave  an  aperture  of  not  more  than  two  inches'  diameter. 
The  diaphragm  to  be  of  well-polished  tin ;  the  inner  rim  lac- 
quered black  half  an  inch.  All  the  apertures  to  be  illuminated, 
when  the  instrument  is  used  in  the  night-time,  by  small  lamps; 
to  whidh,  if  necessanr,  according  to  circumstances,  convex 
lenses  may  be  added,  fitted  into  each  diaphragm,  by  which  the 
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light  may  be  powerfully  Concentrated  and  increased.  Over  each 
aperture  one  of  the  five  prismatic  colours  least  likely  to  be  mis- 
taken (the  remaining  two  being  less  distinguishable,  and  not 
wanted,  are  best  omitted)  to  be  painted ;  and,  in  their  natural 
order,  on  a  width  of  eighteen  inches  and  a  depth  of  four,  red, 
orange,  yellow,  green,  blue;  or,  still  to  heighten  the  contrast, 
and  render  in^mediately  successive  apertures  more  distinguish- 
able, red,  green,  orange,  blue,  yellow.     The  whole  inner  circle 
beneath  and  between  the  apertures  to  be  painted  black. 
^  When  the  instrument  is  to  be  used,  the  index  to  be  set  to  the 
signal  apertures  on  the  rights   All  the  apertures  to  be  covered 
or  dark  when  it  bemns  to  be  used,  except  that  which  is  to  give 
the  signal.    A  sign^  gun  to  be  fired  to  apprise  the  observer.    If 
the  index  is  set  to  the  first  aperture,  it  will  denote  that  words 
are  to  be  expressed ;  if  to  the  second,  that  figures ;  if  to  the 
third,  that  the  figures  cease ;  and  that  the  intelligence  is  carried 
on  in  words.     When  figures  are  to  be  expressed,  the  alternate 
apertures  from  the  left  are  taken  in  their  order,  to  denote  firom 
1  to  1 0  inclusively ;  the  second  from  the  right  denotes  1 00 ;  the 
fifth  1000.     This  order,  and  these  intervals,  are  taken  to  pre- 
vent any  confusion  in  so  peculiarly  important  an  article  of  the 
intelligence  to  be  conveyed. 

Pernaps,  however,  few  of  the  telegraphs  hitherto  offered  to 
the  public  exceed  the  following,  either  in  simplicity,  chea{)ness, 
or  facility  in  working ;  and  it  might,  perhaps,  with  a  few  trifling 
additions,  be  made  exceedingly  distinct.  It  is  thus  described  in 
the  Repertory  of  Arts  cmd  Manufactures :  For  a  nocturnal  te- 
legrapn,  let  there  be  four  large  patent  reflectors,  lying  on  the 
same  plane,  parallel  to  the  horizon,  placed  on  the  top  of  an  ob- 
servatory. Let  each  of  these  reflectors  be  capable,  by  means 
of  two  winches,  either  of  elevation  or  depression  to  a  certain 
degree.  By  elevating  or  depressing  one  or  two  of  the  reflectors, 
ei^teen  very  distinct  arrangements  may  be  produced,  as  the 
following  scheme  will  explain. 
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For  the  sake  of  example,  the  above  iaiTangements  are  .raade 
to  aq»wer  to  the  most  BQceasary  letters  of  the  alphabet ;  but  al- 
terations may  be  made  at  wiU,  and  a  greater  number  of  changes 
produced,  without  any  addition  to  the  rejSectitH's.  In  the  first 
observatory  there  need  only  be  a  set  of  single  reflectors;  but 
in  die  others  eadi  reflector  should  l^e  double,  so  as  to  face 
both  the  preceding  and  subsequent  observatory ;  and  each  ob- 
servatory should  be  furnished  with  two  telescopes.  The  piY)per 
iliameter  of  the  reflectors,  and  their  distance  from  each  other, 
vill  be  aso^tained  by  experi^ice ;  and  it  BEiust  be  observed, 
that  eadi  neflector^  after  every  arrangement,  must  be  restored 
to  its  place. 

To  convert  this  machine  into  a  diurnal  telegraph,  nothing 
more  is  necessary  than  to  insert,  in  the  place  of  the  reflectors, 
gilt  balls,  or  any  other  conspicuous  bodies. 

Since  these  inventions  were  made  public,  telegraphs  have 
been  brought  to  so  great  a  degree  of  perfection,  that  they  now 
convej  information  speedily  and  distinctly,  and  are  so  much 
simplified,  that  they  can  be  constructed  and  maintained  at  little 
expense.  The  advantages,  too,  which  result  from  their  use  are 
almost  inconceivable.  Not  to  speak  of  the  speed  with  which 
information  is  communicated  and  orders  given  in  time  of  war, 
by  means  of  them,  the  whole  kingdom  could  be  prepared  in  an 
instant  to  oppose  an  invading  enemy.    A  telegraph  might  be 
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^so  useS  by  commercial  men  to  conyey  a  commission^  ch^per 
/and  speedier  than  an  express  can  travel.  An  establishment  of 
telegraphs  might  be  maoe  like  that  of  the  post ;  and  instead  of 
beina  an  expense,  it  would  produce  a  revenue.  Something  of 
this  kind  was  about  twenty  years  ago  set  up  tp  facilitate  the 
intercourse  between  Norwich  and  Yarmouth ;  and  a  new  and 
'extensive  plan  of  the  same  kind  is  now  (October  1825)  in 
agitation. 

THERMOMETER, an  instrument  for  ascertaining  the  tem- 

Eerature,  that  is,  for  measuring  the  degree  of  heat  or  cold  in  any 
ody.  The  thermometer  was  invented  about  the  be^nnins  of 
the  15th  century ;  but,  like  many  other  useful  inventions,  it  nas 
been  found  impossible  to  ascertain  to  whom  the  honour  of  it 
^longs. 

The  first  form  of  this  instrument  for  measuring  the  degrees 
of  heat  and  cold  was  the  air-thermometer.  It  is  a  well-known 
fact  that  air  expands  with  heat  so  as  .to  occupy  more  space 
ihan  it  does  when  cold,  and  that  it  is  condensed  by  cold  so  as  to 
-occupy  less  space  thaii  when  warmed,  and  that  this  expansion 
and  condensation  is  greater  or  less  according  to  the  degree 
t>f  heat  or  cold  applied.  The  principle,  then,  on  which  the 
air-thermometer  was  constructed  is  very  simple.  The  air  was 
confined  in  a  tube  by  means  of  some  coloured  liquor ;  the 
liquor  rose  or  fell  according  ks  the  air  became  expanded  or  ^on- 
^nsed. 

This  instrument  was  extremely  defective :  for  the  air  in  the 
tube  was  not  only  afiected  by  the  heat  and  cold  of  the  atmo- 
sphere, but  also  by  its  weight. 

The  air  being  round  improper  for  measuriuj^  with  accuracy 
the  variations  of  heat  and  cold  according  to  the  form  of  the  ther- 
mometer which  was  first  adopted,  another  fluid  was  proposed 
about  the  middle  of  the  17th  century  by  th6  Florentine  academy. 
This  fluid  was  spirit  of  wine,  or  alcohol,  as  it  is  now  generally 
named.  The  alcohol  being  coloured,  was  inclosed  in  a  very  fine 
cylindrical  glass  tube  previously  exhausted  of  its  air,  having  a 
liollow  ball  at  the  lower  end,  and  hermetically  sealed  at  the 
other  end.  The  ball  and  tube  are  filled  with  rectified  spirit  of 
wine  to  a  convenient  height,  when  the  weather  is  of  a  mean  tem- 
p^ature,  which  may  be  done  by  inverting  the  tube  into  a  ves- 
sel of  stagnant  coloured  spirit,  under  a  receiver  of  the  air-pump, 
or  in  any  other  way.  When  the  thermometer  is  properly  filled, 
the  upper  end  is  heated  red-hot  by  a  lamp,  and  then  hermetically 
sealed,  leaving  the  included  air  of  about  4-  of  its  natural  density, 
to  prevent  die  air  which  is  in  the  spirit  from  dividing  it  in  its  ex- 
pansion* To  the  tube  is  appHed  a  scale,  divided  from  the  mid- 
dle into  100  ^ual  parts,  upwards  and  downwards. 
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As  spirit  of  wine  is  ^paUe  of  a  very  considerable  degree  of 
rarefaction  and  condensation  by  heat  and  cold,  when  the  heat 
of  the  atmosphere  increases  the  spirit  dilates,  and  conse(]uentIy 
rises  in  the  tube ;  and  when  the  heat  decreases  the  spirit  de- 
scendsy  and  the  degree  or  quantity  of  the  motion  is  shown  by  a 
scale. 

The  spirit  of  wine  thermometer  was  not  subject  to  some 
of  the  inconveniences  which  attended  the  air-thermometer. 
In  particular,  it  was  not  affected  by  variations  in  the  weight 
of  the  atmosphere:  accordingly  it  soon  came  into  general 
use  among  philosophers.  It  was,  at  an  early  period,  intro- 
duced into  Britain  by  Mr.  Boyle.  To  this  instrument,  as 
then  used,  there  are,  however,  many  objections.  The  li(]Uor 
was  of  different  degrees  of  strength;  and  therefore  differ- 
ent tubes  filled  with  it,  when  exposed  to  the  same  degree 
of  heat,  would  not  correspond.  There  was  also  another  de» 
feet;  the  scale  which  was  adjusted  to  the  thermometer  did 
not  commence  at  any  fixed  pomt.  The  highest  term  was  ad*- 
justed  to  the  great  sun-shine  heats  of  Florence,  which  are 
too  variable  and  undetermined ;  and  frequently  the  workman 
formed  the  scale  according  to  his  own  fancy.  While  the 
thermometer  laboured  under  such  disadvantages  it  could  not  be 
of  general  use. 

To  obtain  some  fixed  unalterable  point  by  which  a  deter* 
mined  scale  might  be  discovered,  to  which  all  thermometers 
might  be  accurately  adjusted,  was  the  subject  which  next  drew 
the  attention  of  philosophers.  Mr.  Boyle,  who  seems  at  an 
early  period  to  have  studied  this  subject  with  much  anxiety,  pro- 
posed the  freezing  of  the  essetitial  oil  of  aniseeds  as  a  conve- 
nient point  for  graduating  thermometers ;  but  this  opinion  he 
soon  laid  aside.  Dr.  Hafley  next  proposed  that  thermometers 
should  be  graduated  in  a  deep  pit  under  ground,  where  the 
temperature  both  in  winter  and  summer  is  pretty  uniform ;  and 
that  the  point  to  which  the  spirit  of  wine  snould  rise  in  such  a 
subterraneous  place  should  be  the  point  from  which  the  scale 
should  commence.  But  this  proposd  was  evidently  attended 
with  such  inconveniences^  that  it  was  soon  abandoned.  He 
made  experiments  on  the  boiling  point  of  water,  of  mercury, 
and  of  spirit  of  wine ;  and  he  seems  rather  to  give  a  preference 
to  the  spirit  of  wine.  He  objected  to  the  freezing  of  water  as 
a  fixed  point,  because  he  thought  that  it  admitted  considerable 
latitude. 

It  seems  to  have  been  reserved  to  the  genius  of  Newton  to 
determine  this  important  point,  on  which  the  accuracy  and  va- 
lue of  the  thermometer  depends.  He  chose,  as  fixed,  those 
points  at  which  water  freezes  and  boils ;  the  very  points  which 
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the  experiments  of  succeeding  philosophers  have  determined  to 
be  the  most  fixed  and  convenient.  Sensible  of  the  disadvan- 
tages of  spirit  of  ivine,  he  tried  another  liquor  which  was 
homogeneous  enough,  capable  of  a  considerable  rarefaction, 
about  1 5  times  greater  than  spirit  of  wine.  This  w^as  linseed  oil. 
It  has  not  been  observed  to  freeze  even  in  veir  great  colds,  and 
it  bears  a  heat  about  four  times  that  of  water  before  it  boils.  With 
these  advantages  it  was  made  use  of  by  Newton,  who  discovered 
by  it  the  comparative  degree  of  heat  for  boiling  water,  melting 
wax,  boiling  spirit  of  wine,  and  melting  tin;  beyond  which  \t 
does  not  appear  that  this  thermometer  was  applied.  The  me- 
thod he  used  for  adjusting  the  scale  of  this  oil-thermometer  was 
as  follows :  Supposing  the  bulb,  when  immerged  in  thawing 
snow,  to  contain  10,000  parts,  he  found  the  oilexpand  by  the 
heat  of  the  human  body  so  as  to  take  up  -^^th  more  space,  or 
10,256  such  parts;  and  by  the  heat  of  water  boiling  strongly 
10,725 ;  and  by  the  heat  of  melting  tin  1 1,516.  So  that  reckon- 
ing the  freezing  point  as  a  common  limit  between  heat  and 
cold,  he  began  his  scale  there,  marking  it  0,  and  the  heat  of 
the  human  body  he  made  12^;  and  consequently,  the  degrees 
of  the  heat  being  proportional  to  the  de^ees  of  rarefaction,  or 
256  :  125  :  :  12  :  34,  this  number  34  will  express  the  heat  of 
boiling  water ;  and  by  the  same  rule,  72  that  of  melting  tin. 
This  mermometer  was  constructed  in  1701. 

To  the  application  of  common  oil  as  a  measure  of  heat  and 
cold  there  are  strong  objections.  1 1  is  so  viscid,  that  it  adheres 
too  strongly  to  the  sides  of  the  tube.  On  this  account  it  ascends 
and  descends  too  slowly  in  case  of  a  sudden  heat  or  cold.  In  a 
sudden  cold,  so  great  a  proportion  remains  adhering  to  the 
sides  of  the  tube  after  the  rest  has  subsided,  that  the  surface 
appears  lower  than  the  corresponding  temperature  of  the  air 
requires.  An  oil  thermometer  is  therefore  not  a  proper  mea- 
sure of  heat  and  cold. 

All  the  thermometers  hitherto  proposed  were  liable  to  many 
inconveniences,  and  could  not  be  considered  as  exact  standards 
for  pointing  out  the  various  degrees  of  temperature.  This  led 
Reaumur  to  attempt  a  new  one,  an  account  of  which  was 
published,  in  the  year  1 730,  in  the  Memoirs  of  the  Afcademy  of 
Sciences.  This  thermometer  was  made  with  spirit  of  wine. 
He  took  a  large  ball  and  tube,  the  dimensions  and  capacities 
of  which  were  Isnown :  he  then  graduated  the  tube,  so  that  the 
space  from  one  division  to  another  might  contain  1000th  part 
of  the  liquor ;  the  liquor  containing  1 000  parts  when  it  stood 
at  the  freezing  point.  He  adjusted  the  thermometer  to  the 
freezing  point  by  an  artificial  congelation  of  water :  then  put- 
ting the  ball  of  his  thermometer  and  part  of  the  tube  into 
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boiling  water,  be  observed  whether  it  rose  80  divisions :  if  it 
exceeded  these,  he  changed  his  liquor,  and  by  adding  water 
lowered  it,  till  upon  trial  it  should  just  rise  80  divisions ;  or 
if  the  liquor,  being  too  low,  fell  short  of  80  divisions,  he  raised 
it  by  adding  rectified  spirit  to  it.  The  liquor  thus  prepared 
suited  his  purpose,  and  served  for  making  a  thermometer  of 
any  size  wnose  scale  would  agree  with  his  standard. 

This  thermometer  was  far  from  being  perfect.  As  the  bulbs 
were  three  or  four  inches  in  diameter,  the  surrounding  ice 
would  be  melted  before  its  temperature  could  be  propagated  I 

to  the  whole  spirits  in  the  bulb,  and  consequently  the  freezing  I 

point  would  be  marked  higher  than  it  should  be.  Dr.  Martine  i 

accordingly  found,  that  instead  of  coinciding  with  the  SSd  de-  | 

gree  of  Fahrenheit,  it  corresponded  with  the  34th,  or  a  point  a 
Hitle  above  it.  Reaumur  committed  a  mistake  also  respecting 
the  boiling  point ;  for  he  thought  that  the  spirit  of  wine^  whether 
weak  or  strong,  when  immerged  in  boiling  water,  received  the 
same  degree  of  heat  with  the  boiling  water.  But  it  is  well 
known  that  highly  rectified  spirit  of  wine  cannot  be  heated 
much  beyond  the  175th  degree  of  Fahrenheit,  while  boiling 
water  raises  the  quicksilver  87  degrees  higher.  There  is  an- 
other thermometer  that  goes  by  the  name  of  Reaumur^Sf  which 
shall  be  afterwanls  described. 

At  length  a  different  fluid  was  proposed,  by  which  thermo- 
meters could  be  made  free  from  most  of  the  defects  hitherto 
mentioned.  This  fluid  was  mercury,  and  seems  first  to  have 
occurred  to  Dr.  Halley  in  the  last  century;  but  was  not  adopted 
'bv  him,  on  account  of  its  having  a  smaller  degree  of  expansi- 
bility than  the  other  fluids  used  at  that  time.  Boerhaave  says 
that  the  mercurial  thermometer  was  first  constructed  by  Olaus 
Roemer ;  but  the  honour  of  this  invention  is  generally  given 
to  Fahrenheit  of  Amsterdam,  who  presented  an  account  of  it 
to  the  Royal  Society  of  London  in  1724. 

Mercury  is  far  superior  to  alcohol  and  oil,  and  is  much  more 
manageable  than  air.  1.  As  far  as  the  experiments  already 
made  can  determine,  it  is  of  all  the  fluids  hitherto  employed 
in  the  construction  of  thermometers  that  which  measures  most 
exactly  eanal  differences  of  heat  by  equal  diflferences  of  its  bulk: 
its  dilatations  are  in  fact  very  nearly  proportional  to  the  aug- 
ment^ions  of  heat  applied  to  it.  2.  Of  all  liquids  it  is  the 
most  easily  freed  from  air.  S.  It  is  fitted  to  measure  high  de- 
grees of  heat  and  cold.  It  sustains  a  heat  of  600*^  of  Fahren- 
neif  s  scale,  and  does  not  congeal  till  it  falls  89  or  40  degrees 
below  0.  4.  It  is  the  most  sensible  of  any  fluid  to  heat  and  cold, 
even  air  not  excepted.  Count  Rumford  found  that  mercury 
was  heated  from  tne  freezing  to  the  boiling  point  in  58  seconds, 
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while  water  took  two  minutes  13  seconds,  and  common  air  1:9 
minute^  and  17  seconds.  $,  Mercury  is  a  homogeneous  fluid, 
and  every  portion  of  it  is  equally  dilated  or  contracted  by  equal 
variations  of  heat.  Any  one  thermometer  made  of  pure  mer- 
cury is,  cateHs  paribusj  possessed  of  the  same  properties  with 
every  other  thermometer  made  of  pure  mercury.  Its  power  of 
expansion  is  indeed  about  six  times  less  than  that  of  spirit  of 
wine^  but  it  is  great  enough  to  answer  most  of  the  purposes  for 
which  a  thermometer  is  wanted. 

The  fixed  points  which  are  now  univei*sally  chosen  for  ad- 
justing thermometers  to  a  scale,  and  to  one  another,  are  the 
boiling  and  freezing  water  points.  The  boiling  water  point,  it 
is  well  known,  is  not  an  in  variablepoint,  but  varies  some  de^ees 
according  to  the  weight  and  temperature  of  the  atmosphere* 
In  an  exhausted  receiver,  water  will  boil  with  a  heat  of  98*^  or 
100^;  whereas  in  Papin's  digester  it  will  acquire  a  heat  of  412^. 
Hence  it  appears  that  water  will  boil  at  a  lower  point,  according 
to  its  height  in  the  atmosphere,  or  to  the  weight  of  the  column 
of  air  which  presses  upon  it.  In  order  to  ensure  uniformity 
therefore,  in  the  construction  of  thermometers,  it  is  now  agreed 
that  the  bulb  of  the  tube  be  plunged  in  the  water  when  it  boils 
violently,  the  barometer  standing  at  30  English  inches  (which 
is  its  mean  height  round  London),  and  the  temperature  of  the 
atmosphere  5^.  A  thermometer  made  in  this  way,  wiA  its 
boiling  point  at  2 1  i°,  is  called  by  Dr.  Horsley  BircPs  Fahrevr 
^^i^,  because  Mr.  Bird  was  the  first  person  who  attended  to 
the  state  of  the  barpmeter  in  constructing  thermometers. 

As  artists  may  be  often  obliged  to  adjust  thermometers  under 
very  different  pressures  of  the  atmosphere,  philosophers  have 
been  at  pains  to  discover  a  general  rule  which  might  be  applied 
on  all  occasions.  M.de  JL,uc,  in  his  Recherches  \sur  les  Mod.  de 
TAtmosphere^  has  given,  fi-om  a  series  of  experiments,  an  equa- 
tion for  the  allowance  on  account  of  this  difference,  in  Paris 
measure,  which  has  been  verified  by  Sir  George  Shuckburgh ; 
also  Dr.  Horsley,  Djr.  Maskelyne,  and  Sir  George  Shuckburgh, 
have  adapted  the  equation  and  rules  to  English  measure,  and 
have  reduced  the  allowances  into  tables  for  the  use  of  the  artist. 
Dr.  Horsley^s  rule,  deduced  firom  De  Luc'^s,  is  this : 

^^      log.  ;j  —  92-804  =  A; 


8990000 

where  h  denotes  the  height  of  a  thermometer  plunged  in  boil- 
ing water,  above  the  point  of  melting  ice,  in  degrees  of  Bird's 
Fahrenheit,  and  ^  the  height  of  the  barometer  m  lOths  of  an 
inch.  From  thi^  rple  Jie  has  computed  the  following  table  for 
finding  the  heights  to  which  a  good  Bird's  Fahrenheit  will  rise 
when  plunge4  m  boiling  water^  in  all  states  of  the  barometer, 
from  27  to  3 1  English  inches ;  which  will  serve,  among  other 
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tifies,  to  dnrcct  instrument-niakers  in  making  a  true  allowance 
for  the  effect  of  the  variation  of  the  barometer,  if  they  should 
be  obliged  to  finish  a  thermometer  at  a  time  when  the  barometer 
19  above  or  below  30  inches ;  though  it  is  best  to  fix  the  boilinj^ 
point  when  the  barometer  is  at  that  height 

Equation  cfthe  Boilinff  Point. 


Barometer. 

310 
30-6 
300 
29*5 
290 
28-5 
28*0 
27*5 
270 

Equation. 

+  1-57 

+  0*79 

0-00 

-0-80 

-  1-62 
-2-45 

-  3-31 
-416 

-  504 

Difference. 

0-78 
0-79 
0*80 
0*82 
0*83 
0*85 
0*86 
0*88 

The  numbers  in  the  first  column  of  this  table  express  heights 
of  the  quicksilver  in  the  barometer  in  English  inches  and 
decimal  parts :  the  second  column  shows  the  equation  to  be 
applied,  according  to  the  sign  prefixed,  to  212**  of  Bird's 
Fahrenheit,  to  find  the  true  boiling  point  for  every  such  state 
of  the  barometer.  The  boiling  point  for  all  intermediate  states 
of  the  barometer  may  be  had  with  sufficient  accuracy,  by 
taking  proportional  parts,  by  means  of  the  third  column  of 
differences  of  the  equation.  See  Phil.  Trans.  Ixiv.  art.  30.; 
also  Dr.  Maskelyne^s  Paper,  vol.  Ixiv.  art.  20. 

Sir  George  Shuckburgh  also  has  given  the  following  general 
table  for  the  use  of  artists  in  constructing  the  thermometer,  both 
according  to  his  own  observations  and  those  of  M.  de.  Luc. 


Height  of  the 

Correct,  of  the 

Barometer. 

boiling  point 

0 

26-0 

-  7-09 

26-5 

-6-18 

27-0 

-  5-27 

27-5 

-4-37 

280 

—  3-48 

28*5 

-  2-59 

29-0 

—  1-72 

29-5 

-0-85 

30*0 

000 

30-5 

+  0  86 

310 

+  1-69 

Correct,  accord, 
to  M.  de  Luc 


-  6-83 

-  5-93 
.5*04 

-  416 

-  3-31 

-  2-45 

-  1-62 

-  0-80 
0-00 

+  0*79 
+  1-67 


Difference. 


•90 
•89 
•88 
•87 
•86 
•83 
•82 
•80 
•79 
•78 


THERMOMETERS. 


477 


The  Royal  Society,  fully  apprised  of  the  importance  of  ad- 
justing the  fixed  points  of  thermometers,  appointed  a  committee 
of  seven  gentlemen  to  consider  of  the  best  method  for  thii> 

f)urpose ;  and  their  report  is  published  in  the  Phil.  Trans.  val« 
xvii.  part  ii.  art.  37. 

They  observed,  that  though  the  boiling  point  be  placed 
much  higher  on  some  of  the  thermometers  now  made  than  on 
others,  yet  this  does  not  produce  any  considerable  error  in  the 
observations  of  the  weather,  at  least  in  this  climate;  for  an 
error  of  1^^  in  the  position  of  the  boiling  point  will  make  an 
error  only  of  half  a  degree  in  the  position  of  92^,  and  of  not 
more  than  a  quarter  of  a  degree  in  the  point  of  6S^.  It  is  only 
in  nice  experiment^  or  in  trying  the  heat  of  hot  liquors,  that 
this  error  m  the  boiling  point  can  be  of  much  importance. 

In  adjusting  the  freezing  as  well  as  the  boiling  point,  the 
quicksilver  in  the  tube  ought  to  be  kept  of  the  same  neat  as  that 
in  the  ball. '  When  the  freezing  point  is  placed  at  a  considerable 
distance  from  the  ball,  the  pounded  ice  should  be  piled  to  such 
a  height  above  the  ball,  that  the  error  which  can  arise  from  the 
quicksilver  in  the  remaining  part  of  the  tube,  not  being  heated 
equally  with  that  in  the  ball,  shall  be  very  small,  or  the  observed 
point  must  be  corrected  on  that  account  according  to  the  fol- 
lowing table: 


Heat  of  the  Air. 

Correction. 

42^ 

52 
62 

72 
82 

•00087 
•00174 
•00261 
•00348 
•00435 

The  correction  in  this  table  is  expressed  in  1000th  parts  of  the 
distance  between  the  freezing  pomt  and  the  surface  of  the  ice : 
e.  g.  if  the  freeing  point  stands  seven  inches  above  the  surface 
of  the  ice,  and  the  heat  of  the  room  is  62,  the  point  of  3^  should 
be  placed  7  x  •00261,  or  -01*8  of  an  inch  lower  than  the  ob- 
served point*  A  diagonal  scale  will  facilitate  this  correction. 
The  committee  observe,  that  in  trying  the  heat  of  liquors, 
care  should  be  taken  that  the  quicksilver  in  the  tube  of  the 
thermometer  be  heated  to  the  same  degree  as  that  in  the  ball ; 
or  if  this  cannot  be  done  conveniently,  the  observed  heat  should 
be  corrected  on  that  account ;  for  the  manner  of  doing  which, 
and  a  table  calculated  for  this  purpose,  we  must  refer  to  their 
excellent  report  in  Phil.  Trans,  vol.  Ixvii.  part  ii.  art.  37. 
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With  regard  to  the  choice  of  tubes^  tfeey  ought  to  be  exifctl^ 
cylindrical.     But  though  the  diameter  should  vary  a  Uttle^  it 
is  easy  to  manage  that  matter  in  the  manner  proposed  by  the 
Abb6  Nollet,  by  making  a  small  portion  of  the  quicksilver^  e.g, 
as  much  as  fills  up  an  inch  or  half  an  inch,  slide  badtward  and- 
forward  in  the  tube;  and  thus  to  find  the  proportions  of  all  its 
inequalities,  and  from  thence  to  adjust  the  divisions  to  a  scale  of 
the  most  perfect  equality.     The  capillary  tiibe&  are  preferable 
to  others,  because  they  require  smaller  bulb^,  and  they  are  also 
lAore  sensible^  and  less  brittle.     The  most  convenient  size  for 
common  experiments  has  the  internal  diameter  about  the  40th 
or  50th  of  an  inch,  about  9  inches  long,  and  made  of  thin  glass, 
that  the  rise  and  fall  of  the  mercury  may  be  better  seen. 

It  is  commonly  observed  of  thermometers,  that  upoti  eqnal 
augmentaticHis  and  diminutions  of  beat  they  seldom  vwy 
equally,  though  they  are  filled  with  the  same  liquor.  To  ac^- 
count  for  this  circumstance  it  should  be  recollected,  that  the 
variation  of  a  thermometer  is  directly  as  the  capacity  of  die 
ball,  and  inversely  as  the  base  of  the  stem.  Thus,  if  there  bei 
two  mercurial  thermometers,  for  example,  and  we  call  the  capa- 
cities of  the  balls  c  and  c,  and  the  bases  of  the  stems  b  and  6, 
the  variations  will  be  a&  c  to  c  directly,  and  as  b  to  &  inversely, 

or  as  —  to  —•  Consequently  the  variations  will  not  be  equal 
in  those  thermometers  unless  —  =:  -^ :  and  this  cannot  be  the 

B  0 

case  unless  c :  c  : :  b  :  5 ;  therefore,  to  render  the  variations  in 
the  two  thermometers  equal,  the  capacities  of  their  balls  must 
be  to  each  other  as  the  bases  of  their  cylindrical  stems.  See, 
on  this  subject,  M.  Durand's  formula,  given  under  the  article 
Thermometer,  in  the  Pantoloffia. 

The  next  thing  to  be  considered  |is  of  what  number  of  de- 
grees or  divisions  the  scale  ought  to  consist,  and  from  what  point 
It  ought  to  commence.  As  the  number  of  the  divisions  of  the 
scale  is  an  arbitrary  matter,  the  scales  which  have  been  em- 
ployed differ  much  from  one  another  in  this  circumstance. 
Fahrenheit  has  made  180  degrees  between  the  freezing  and 
boiling  water  point.  Amontons  made  73,  and  Sir  Isaac  New- 
ton  only  34.  There  is,  however,  one  general  maxim,  which 
ought  to  be  observed:  TAai  such  an  aAthmetical  number 
shauM  he  chosen  as  can  eaMy  be  divided  and  subdivided^  antd 
thai  the  number  of  divisions  should'  be  so  great  that  there  sheH 
seldom  be  occasion  Jbr  Jractions.  The  number  80  chosen  fay 
Reaumur  answers  extremely  well  in  this  i*espect,  because  it  can 
be  divided  by  several  figures  without  leaving  a  remainder  ,*  but 
it  is  too  small  a  number :  the  consequence  of  which  is,  tbae  the 
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I  decrees  are  placed  at  too  great  a  distance  frora  one  another^  < 

I  aim  fractions  must  therefore  be  often  employed.     We  thinky 

t  therefore^  that  1 60  woold  have  been  a  more  convenient  number.  ^ 

Fahrenheit s  number,  IBO,  is  large  enough ;  but  when  divided 
its  quotient  soon  becomes  an  odd  number. 

As  to  the  point  at  which  the  scale  ought  to  commence,, 
various  opinions  have  been  entertained.    If  we  knew  the  be*- 
ginning  or  lowest  degree  of  heat,  all  philosophers  would  agree 
that  the  lowest  point  of  the  thermometer  ouffht  to  be  fixed 
there ;  but  we  know  neither  the  lowest  nor  the  nighest  degrees- 
of  heat,  we  observe  only  the  intermediate  parts.     All  that  we 
can  do,  then,  is  to  begin  it  at  some  invariable  point,  to  whicb 
thermometers  made  in  diflbrent  places  may  easily  be  adjusted. 
If  possible,  too,  it  ought  to  be  a  point  at  which  a  natural  well-' 
known  body  receives  some  remarkable  change  from  the  eflects- 
of  heat  or  cold.     Fahrenheit  began  his  sc^e  at  the  point  at> 
which  snow  and  salt  congeal.     Kirwan  proposes  the  freezing- 
point  of  mercury.     Sir  Isaac  Newton,  Hales,  and  Reaumur^, 
adopted  the  freezing  point  of  water.  The  objection  to  Fahren- 
heit's lowest  point  is,  that  it  commences  at  an  artificial  cold 
seldom  known  in  nature,  and  to  which  we  cimnot  refer  our 
feelings,  for  it  is  what  few  can  ever  experience*.    There  woulct 
be  several  great  advantages  gained,  we  allow,  by  adopting  the« 
freezing  pomt  of  mercury.     It  is  the  lowest  degree  of  cold  tO' 
'  which  mercury  can  be  applied  as  a  measure ;  and  it  would^ 
render  unnecessary  the  use  of  the  signs  plus  and  minus,  and  the 
extension  of  the  scale  below  0.     But  we  object  to  it,  that  it  i» 
not  a  point  well  known ;  for  few,  comparatively  speaking,  who* 
use  thermometers,  can  have  an  opportunity  of  seeing  mercury 
congealed.  As  to  the  other  advantage  to  be  gained  by  adopting 
the  freezing  point  of  mercury,  namely,  the  aoolition  of  negative 
numbers,  wedo  not  think  it  would  counterbalance  the  advantage 
to  be  enioyed  by  using  a  well-known  point.     Besides,  it  may 
be  asked,  Is  there  not  a  proprietyin  using  negative  numbers  to 
express  the  degree  of  cold,  which  is  a  negative  thing  ?  Heat  and, 
cold  we  can  only  judge  of  by  our  feelings :  the  point  then  at 
which*  the  scale  should  commence  ought  to  be  a  point  which 
can  form  to  us  a  standard  of  heat  and  cold  ;  a  point  familiar  to* 
us  from  being  one  of  the  most  remarkable  that  occurs  in  nature, 
and  therefore  a  point  to  which  we  can  with  most  clearness  and 
precision  refer  in  our  minds  on  all  occasions.     This  is  the 
fireezing  point  of  water  chosen  by  Sir  Isaac  Newton,  which  of 
all  the  general  changes  produced  in  nature  by  cold  is  the  most 
eemark^le.    It,  or  rather  the  melting  point  of  ice,  which  doe& 
not  vary  with  cbanee  of  atmospheric  pressure,  is  therefore  the 
most  convenient  pomt  for  the  thermometers  to  be  used  in  the 
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temperate  and  frigid  zones,  or  we  may  say  ov6r  the  globe,  for 
even  in  the  hottest  countries  of  the  torrid  zone  many  of  the 
mountains  are  perpetually  covered  with  snow. 

Having  now  explained  the  principles  of  the  thermometer  as 
fully  as  appears  necessary  in  order  to  make  it  properly  under- 
stood,  we  will  here  subjoin  an  account  of  those  thermometers 
which  are  at  present  in  most  general  use.  These  are  Fahren- 
heit's, De  risleX  Reaumur's,  and  Celsiuses.  Fahrenheit's  is 
used  in  Britain,  De  Tlsle's  in  Russia,  Reaumur's  in  France, 
and  Celsius's  in  Sweden.  They  are  all  mercurial  thermometers. 

Fahrenheit's  thermometer  consists  of  a  slender  cylindrical 
tube  and  a  small  longitudinal  bulb.  To  the  side  of  the  tube 
i$  annexed  a  scale  which  Fahrenheit  divided  into  600  parts, 
be^nning  with  that  of  the  severe  cold  which  he  had  observed 
in  Icelaind  in  1709,  or  that  produced  by  surrounding  the  bulb 
of  the  thermometer  with  a  mixture  of  snow  or  beaten  ice 
and  sal  ammoniac  or  sea  salt.     This  he  apprehended  to  be  the 

Keatest  degree  of  cold,  and  accordingly  he  marked  it,  as  the 
^  ginning  of  his  scale,  with  0 ;  the  point  at  which  mercury  be- 
^ns  to  boil  be  conceived  to  show  the  greatest  degree  of  neat, 
and  this  be  made  the  limit  of  his  scale.   The  distance  between 
these  two  points  he  divided  into  600  equal  parts  or  d^rees ; 
and  by  trials,  he  found  that  the  mercury  stood  at  32  ot  these 
divisions;  when  water  just  begins  to  freeze,  or  snow  or  ice  just 
begin  to  thaw ;  it  was  therefore  called  the  degree  of  the  freez- 
ing point  When  the  tube  was  immersed  in  boiling  water,  the 
mercury  rose  to  212,  which  therefore  is  the  boiling  point,  and 
is  just  1 80  degrees  above  the  former  or  freezing  pomt.  But  the 
present  method  of  making  the  scale  of  these  thermometers, 
which  is  the  sort  in  most  common  use,  is  first  to  immerge  the 
bulb  of  the  thermometer  in  ice  or  snow  just  beginning  to  thaw, 
and  mark  the  place  where  the  mercury  stands,  with  32 ;  then 
immerge  it  in  boiling  water,  and  again  mark  the  place  where 
the  mercury  stands  in  the  tube,  with  the  num.  212,  exceeding 
the  former  by  180;  dividing  therefore  the  intermediate  space 
into  180  equal  parts,  will  give  the  scale  of  the  thermometer; 
which  may  afterwards  be  continued  upwards  and  downwards 
at  pleasure. 

Other  thermometers  of  a  similar  construction  have  been 
accommodated  to  common  use,  having  but  a  poiiion  of  the 
above  scale.  They  have  been  made  of  a  small  size  and  porta- 
ble  form,  and  adapted  with  appendages  to  particular  purposes ;. 
and  the  tube  with  its  annexed  scale  has  often  been  enclosed  in 
another  thicker  glass  tube,  also  hermetically  sealed,  to  preserve 
the  thermometei'  from  injury.  And  all  these  are  called  Fahren^ 
heifa  thermometers. 
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,,  ^  In  17S8^  M.  De  TMe^f  Petersbtti^  construcled  a  merciH 

[j  ritil  thermometer  on  the  principles  of  Ueaumur^s  spirit  thermo- 

aoetor.    In  his  thernvMneter,  the  whole  bulk  of  q«ieksilver| 
wbea  immerged  in  boiUng  water^  is  cotioeived  to  be  <nvided  into 
[  KH&jdOO  parts ;  and  from  this  one  fixed  pomt  the  yarions  de* 

grees  of  neat,  eillker  dbove  or  below  it,  are  marked  in  these 
I)arts  on  the  tube  or  scale^  by  the  yarious  expansion  or  contrac- 
tion of  die  quickftifamr^  in  ii^U  imaginable  yaneties  of  heat. — Dr. 
Martina  apprehends  it  would  hay^  been  better  if  t>e  Vide  had 
made  the  integer  lOCVOOO  parts,  ^r  fixed  point,  at  freezing  wa- 
ter, andfroixi^ence  computed  die  dilaUfctionsor  condensations 
of  the  quicksftyer  iti  tliose  p^rts;  ad  all  the  •common  obserya- 
ftions  of  the  weath«i*,  &c.  would  have  be^  expi;essed  by  hum^ 
bers  increasing  as  the  beat  increased,  instead  of  decreasing,  or 
counting  the  contrary  way.  However,  in  prac^6  it  will  not 
be  yery  easy  todetermine  exactly  all  thedi^ionsfrom  the  alter- 
ii^n  of  the  bulk  of  the  contained  fluid.  Andbeddes,  as  glass 
itself  is  dilated  by  heat,  though  in  a  less  proportion  than  quick^ 
silver,  it  is  only  the  excess  of  the  dilatation  of  the  contained 
fluid  above  that  of  the  dass  that  is  observed ;  and  therefore  if 
diiferent  kinds  of  glass  be  differently  affected  by  a  mven  degree 
of  heat,  this  will  make  a  seeming  difference  in  tne  dilatations  of 
the  quicksilver  in  the  thermometers  constructed  in  the  New- 
tonian method, either  by  Reauipur's  rule  or  De  I'lsle's.  Acc^d- 
ingly  it  has  been  found,  that  the  quicksilver  in  Dc  I'lsle^s 
thermometers  has  stood  at  different  degrees  of  the  scale  when 
immerged  in  thawing  snow :  having  stood  in  some  at  154^, 
while  in  others  it  has  been  at  156^  or  even  158^. 

The  thermometer  at  present  used  in  France  is  called  Reau- 
mur's  i  but  it  is  very  dinerent  fromJ|the  one  originally  invented 
by  Reaumur  in  1730^  and  described  in  the  Memoirs  of  the 
Academy  of  Sciences.  The  one  invented  by  Reaumur  was 
filled  with  spirit  of  wine ;  and  though  its  scale  was  divided  by 
the  author  into  80  parts,  of  which  0  was  the  freezing  point,  and 
SO  the  boiling  water  point,  yet  in  fact  80  was  only  tne  boiling 
^oint  of  the  spirit  of  wine  that  he  employed,  which,  as  Dr. 
itartine  computes,  corresponded  with  180  of  Fahrenheit.  But 
ttt^  thermometer  now  in  use  in  France  is'fiUed  with  mercurjjr ; 
and  the  boiling  water  point,  which  is  at  80,  corresponds  with 
the  SlSth  degree  of  Fahrenheit.  The  scale  indeed  commences 
at  the  fireeting  point,  as  the  old  one  did.  The  new  thermo- 
meter ought  more  properly  to  be  called  De  Luc's  thermometer^ 
for  it  Was  first  made  by  l5e  Luc;  and  is  in  fact  as  different 
fipom  Reaumur'^  as  it  is  from  Sir  Isaac  Newton's.^  ^When  De 
Luc  had  fixed  the  sode,  and  finished  an  account  of  it,.he  showetl 
die  manuscript  to  M.i)e  la  Contjamine.i   Condamine  advised 
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him  to  chance  the  number  80;  remarkioff,  that  sudi.was  the 
inattention,  o?  philosophers,  that  thefy  would  probably  confound 
it  with  Reaumur's.  .De  Luc's  modesty,  as  well  as  a  pxedileclion 
for  the  number  80,  founded,  as  he  thought,  on  pnUosophical 
reasons^  made  him  decline  foUowing  this  advice.  But  he  found 
by  experience  that  the  prediction  of  Condamine  was  too  well 
founoed. 

The  thermometer  of  Celsius,  which  is  used  in  Sweden,  has  a 
scale  of  100  degrees  from  the  freezing  to  the  boiling  water  point. 
This  is,  in  fact,  the  centigrade  thermometer. 

These  are  the  principal  thermometers  now  used  in  Europe ; 
and  the  temperatures  indicated  by  any  of  them  may  be  reduced 
into  the  corresponding  degrees,  on  any  of  the  others  by  means 
of  the  following  simple  theorems ;  in  which  r  signifies  the  de- 

Sees  on  the  scale  of  Reaumur,  f  those  of  Fahrenhat,  and  s 
ose  of  the  Swedish  thermometer. 
1  •  Toconvert  thedegreesof  Reaumur  intothoseofFahrenh^t; 

^  +32  =  F. 

2.  ToconvertthedegreesofFahrenheitinto  those  of  Reaumur; 

3.  To  convert  the  Swedish  degrees  into  those  of  Fahrenheit ; 
lll.+3a=F. 

4.  To  convert  Fahrenheit's  into  Swedish ;  ^""^^^^^srs. 

5.  To  convert  SwediA  degrees  into  those  of  Reaumur ; 

8X4 

6.  To  convert  Reaumur's  degrees  into  Swedish ;  ^— =s. 

To  such  readers  as  are  unacquainted  with  the  algebraic 
expression  of  arithmetical  formulae,  it  will  be  sufficient  to  exr 

Sress  one  or  two  of  these  in  words  to  explain  their  use. — 1. 
lultiplv  the  degree  of  Reaumur  by  9,  divide  the  product  by  4, 
and  to  the  quotient  add  32,  the  sum  expresses  the  degree  on  the 
scale  of  Fahrenheit. — 2.  From  the  degree  of  Fahrenheit  sub- 
stract  32,  multiply  the  remainder  by  4,  and  divide  the  product 
bv  9,  the  quotient  is  the  degree  according  to  the .  scale  of 
Reaumur,  &c. 

As  in  meteorological  observations  it  is  necessary  to  attend 
to  the  greatest  rise  and  fall  of  the  thermometer,  attempts  have 
been  made  to  construct  a  thermometer  which  might  register 
the  greatest  degree  of  heat,  or  greatest  degree  ofcold,  which 
took  place  durmg  the  absence  ^tbe  observer. 
In  178^  Mr.  Six  proposed  a  self-registering  thermometer. 
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It  is  prop^Iy  a  spirit  of  wine  thei:nioin^er,  though  mereoilr 
is  also  employed  for  supporting  an  index,  ab  (fig.  10.  pi. 
XXXVII.)  is  a  thin  tube  of  glass  16  inches  long,  and 
£Hl6ths  of  an  inch  calibre:  cde  and  ^A  are  smaller  tubes, 
about  1-^Oth  of  an  inch  calibre.  These  three  tubes  are  filled 
with  highly  rectified  spirit  of  wine,  except  the  space  between 
d  and  gf  which  is  filled  with  mercury.  As  the  spirit  of  wine 
coatracts  or  expn^nds  in  the  middle  tube,  the  mercury  fells 
or  rises  in  the  outside  tubes.  An  index,  made  of  thin  wire 
with  a  knob^  is  placed  on  the  surface,  within  each  of  these  tubes, 
8Q  light  a3  to  float  upon  it.  k  is  a  small  glass  tube  8*4ths 
of  an  inch  long,  hermetically  sealed  at  each  end,  and  inclosing 
a  piece  of  steel  wire  nearly  of  its  own  length.  At  each  end 
U.my  of  this  small  tube,  a  short  tube  of  black  glass  is  fixed, 
of  such  a  diameter  as  to  pass  freely  up  and  down  withih 
either  of  the  outside  tubes  of  the  thermometer  ce  or  fh.  From 
the  upper  end  of  the  index  is  drawn  a  spring  of  glass  to  the 
fineness  of  a  hair,  and  about  5-7ths  of  an  inch  long ;  which^ 
being  placed  a  little  oblique,  presses  lightly  gainst  the. inner 
sur&ce  of  the  tube,  and  prevents  the  index  irom  descending 
when  the  mercury  descends.  These  indexes  being  insertea 
one  into  each  other  of  the  outside  tubes,  it  is  easy  to  understand 
how  they  point  out  the  greatest  heat  or  cold  that  has  happened 
in  the  observer's  absence.  When  the  spirit  of  wine  in  the 
middle  tube  expands,  it  presses  down  the  mercury  in  the  tube 
hfi  and  consequently  raises  it  in  the  tube  ec ;  consequently  the 
index  on  the  left  hand  tube  is  left  behind  and  marks  the  greatest 
cold,  and  the  index  in  the  right  hand  tube  rises  and  marks  the 
greatest  heat. 

In  1790  a  paper  was  presented  to  the  Royal  Society  of  Edin^ 
burgh,  descnbing  two  thermometers,  newly  invented  by  Dr/ 
John  Rutherford  of  Middle  Balilish ;  the  one  for  registering  the 
highest  ancl  the  other  for  registering  the  lowest  degree  of  heat 
to  which  the  thermometer  has  risen  or  fallen. during  the  absence 
of  the  observer.  An  account  of  them  may  be  found  in  the  third 
volume  of  the  Transactions  of  the  Society. 

A  new  self-registering  thermometer  has  more  lately  beei> 
invented  by  Mr.  Keith  of  Ravelstone,  which  we  consider  as  the 
most  ingenious,  siqfiple,  and  perfect,  of  any  which  has  hitherto 
appeared.  Its  simplicity  is  so  great,  that  it  requires  only  a  verj*" 
snort  description  to  make  it  intelligible.  It  is  constituted,  first, 
of  a  thin  glass  tube  about  fourteen  inches  long,  and  3-4ths  of 
an  inch  calibre,  close  or  hermetically  sealed  at  top.  To  the 
lower  end,  which  is  open,  there  is  joined  a  crooked  glass  .tube, 
seven  inches  long,  and  .4-lOths  pf  an  inch  calibre!,.and  open  at 
its  top,  which,  of  course,  is  level  with  the  mid^e  of  the  first 
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tAe*    Tbe  former  tube  is  filled  with  the  Moafeei.  spirit  of 
wine,  and  the  latter  tube  with  mercury.    This  is  properly  a 
spirit  of  wine  thermometer,  and  the  mercury  is  used  merely  to 
support  a  {Meoe  of  ivory  or  ^lass,  to  which  is  affixed  a  wire  for 
rsismg  one  index  or  depressing  anodier,  aooording  as  the  mei^ 
cory  rises  or  falls.      Tnere  is  a  small  conical  piece  of  ivory  or 
glass,  of  such  a  weight  as  to  float  on  the  sunace  of  the  mer-* 
ciiry*    To  the  float  is  joined  a  wire  cfdled  theJkMxC-'wire^  whi<^ 
itadies  upwards,  where  it  terminates  in  a  knee  bent  at  ri^lrt 
angles.     The  float-wire,  by  means  of  an  eye  at  Its  extremity, 
moves  easily  along  a  small  vertical  harpsichord  wire*     Thete 
lure  two  indexes  made  of  thin  black  oiled  silk,  which  slide  up- 
wards or  downwards  with  a  force  not  more  than  two  gndn& 
The  one  placed  above  the  knee  pcnnts  out  the  greatest  rise,  and 
the  one  placed  below  it  pdints  out  the  greatest  fall,  of  the 
thermometer. 

When  the  instrument  is  to  be  prepared  for  an  observation, 
both  indexes  are  to  be  brought  close  to  the  knee.  It  is  evident, 
that  when  the  mercury  rises,  the  float  and  float-wire,  which 
ean  be  moved  with  the  smallest  fbroe,  will  be  pushed  upwards 
till  the  mercury  becomes  stationary.  As  the  knee  of  the  float- 
wire  moves  upwards  it  will  carrjr  alons  with  it  the  upper  index. 
When  the  mercury  again  subsides,  it  leaves  the  index  at  the 
highest  point  to  which  it  was  raised,  for  it  will  not  descend  by 
its  own  weijght;  as  the  mercury  falls,  the  float-wire  does  the 
same  ;  it  therefore  brings  along  with  it  the  lower  index,  and 
eontinues  to  depress  it  till  it  again  becomes  stationary  Or 
ascends  in  the  tube;  in  which  case  it  leaves  the  lower  index 
behind  it  as  it  had  formerly  left  the  upper.  The  scale  to  which 
the  indexes  point  is  placed  parallel  to  the  slender  harpsichord 
wire.  That  the  scale  and  indexes  may  not  be  injured  by  the 
wind  and  rain,  a  cylindrical  glass  cover,  close  at  t6pf  and  made 
So  as  exactly  to  fit,  is  placed  over  it. 

The  ingenious  inventor  has  another  improvement,  which,  if 
upcm  trial  it  be  found  to  answer,  will  make  this  thermcHneter 
as  perfect  as  can  be  desired,  provided  there  do  not  arise  some 
errors  from  the  variable  pressure  of  the  atmosphere.  He  jmi- 
poses  to  adapt  clock-work  to  this  thermometer,  in  such  a  way  as 
to  register  with  the  utmost  predsion  the  degrees  of  heat  and  cold 
for  every  month,  day,  andminute^  in  the  year.  An  account  of  this 
latter  improvement  may  be  seen  in  Nicholson^s  Journal,  voL  iii. 
4to.  series,  or  Edin.  Transac.  vol.  iv. 

The  common  contrivance  for  a  self-roistering  thermometer, 
aowsoM.  in  most  of  the  London  shops,  consists  simply  of  two 
ncsniumeters,  one  mercurial  and  the  other  <rf  idoohoi  (fig.  4. 
IN.  XXXI*)  having  their  stems  horizontal :  the  former  has  for 
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its  index  a  small  bit  of  magnetical  steel  wire,  and  the  latter  a 
minute  thread  of  glass,  having  its  two  ends  formed  into  sn^aU 
knobs  by  fusion  in  the  flame  of  a  candle. 

The  mqfnetical  bit  of  wire  lies  in  the  vacant  space  of  the 
mercurial  thermometer,  and  is  pui^ed  forward  by  the  mercury 
whenever  the  temperature  rises,  and  puAes  that  fluid  against  it: 
but  when  the  temperature  falls  and  the  fluid  retires,  this  index 
is  left  behind,  and  consequently  shows  the  maximum.  The 
other  index,  or  bit  of  glass,  lies  in  the  tube  of  the  spirit  thermo- 
meter immersed  in  the  alcohol,  and  when  the  spirit  retires  by 
depression  of  temperature,  the  index  is  carried  along  with  it  in 
apparent  contact  with  its  interior  surface :  but  on  increase  of 
temperature  the  spirit  goes  forward  and  leaves  the  index,  which 
therefore  shows  the  mmimum  of  temperature  since  it  was  set. 
As  these  indexes  merely  lie  in  the  tubes,  their  resistance  to 
motion  is  altogether  inconsiderable.  The  steel  index  is  brought 
to  the  mercury  by  applying  a  magnet  on  the  outside  of  the 
tube,  and  the  other  is  duly  placed  at  the  end  of  the  column  of 
alcohol  by  inclining  the  whole  instrument. 

Mr.  Nicholson  explains  the  operation  of  this  instrument  thus : 
**  When  the  surface  of  the  column  of  spirit  is  viewed  by  a 
ma^ifier,  it  is  seen  to  have  the  form  of  a  concave  hemisphere|| 
which  shows  that  the  liquid  is  attracted  by  the  glass.  The 
class  in  that  place  is  consequently  attracted  in  toe  opposite 
direction  by  a  force  equal  to  that  which  is  so  employed  in  main- 
taining that  concave  figure ;  and  if  it  were  at  liberty  to  move,  it 
would  be  drawn  back  till  the  flat  sur&ce  was  restored.^  Let  us 
suppose  a  small  stick  or  piece  of  glass  to  be  loose  within  the 
tupe,  and  to  protrude  into  the  vacant  space  beyond  the  surface 
of  the  alcohol.  The  fluid  will  be  attracted  also  by  this  glass, 
and  form  a  concave  between  its  surface  and  that  of  the  bore  of 
the  tube.  But  the  small  interior  piece  being  quite  at  liberty  to 
move,  will  be  drawn  |;owards  the  $g|rit  so  long  as  the  attractive 
force  possesses  any  acdvity ;  that  is,  so  long  as  any  additional 
fluid  hangs  round  the  glass ;  or,  in  pther  words,  until  the  end  of 
the  stick  of  glass  is  even  with  the  surface.  Whence  it  is  seen 
that  the  smaU  piece  of  glass  will  be  resisted,  in  any  action  that 
inay  tend  to  protrude  it  beyond  the  surface  of  the  fluid  ;  and  if 
this  resistance  be  greater  than  the  force  required  to  slide  it  along 
in  the  tube  (as  in  fact  it  is),  the  piece  must  be  s|ided  along  as 
the  alcohol  contracts ;  so  as  always  to  keep  the  piece  within  the 
fluid.  And  this  fact  is  accordingly  observed  to  take  place.'^ 
(Nich.  Jour.  N.  S.  No.  47). 

Mr.  Professor  Leslie,  well  known  (of  his  ingenious  '*  Expe- 
rimental Enquiry  into  the  Nature  and  Propagation  of  Heat,** 
and  other  works  of  sdence,  has  invented  a  Vifferential  Thermo* 
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meter  (or  the  measurement  of  minute  variations  of  temperature. 
It  consists  of  two  tubes,  each  terminating  in  a  small  bulb  of  the 
same  dimensions,  joined  by  the  blow-pipe,  and  bent  in  the  form 
of  a  n,  a  small  portion  of  dark  coloured  liquor  having  previously 
been  introduced  into  one  of  the  balls.  After  many  trials,  the 
fluid  best  adapted  to  the  purpose  was  found  to  be  a  solution 
of  carmine  in  concentrated  sulphuric  acid.  By  managing  the 
included  air  with  the  heat  of  tne  hand,  this  red  liquor  is  made 
to  stand  at  the  required  point  of  the  opposite  tube.  This 
is  the  zero  of  a  scale  fastened  to  that  tube,  and  divided  into 
equal  parts  above  and  below  that  point.  The  instrument  is 
then  fixed  on  a  stand.  It  is  manifest  that,  when  the  liquor 
is  at  rest,  or  points  at  zero,  the  column  is  pressed  in  op- 
posite directions  by  two  portions  of  air  equal  in  elasticity, 
and  containing  equal  quantities  of  caloric.  Whatever  heat, 
then,  may  be  apphed  to  the  whole  instrument,  provided  both 
bulbs  receive  it  in  the  same  degree,  the  liquor  must  remain  at 
rest.  But  if  the  one  ball  receives  the  slightest  excess  of  tem- 
perature, the  air  which  it  contains  will  be  proportionally  ex- 
panded, and  will  push  the  liquid  against  the  air  in  the  other  bulb 
with  a  force,  varying  as  the  diflFcrehce  between  the  temperatures 
of  those  two  portions  of  air :  thus  the  equilibrium  will  be 
destroyed,  and  the  fluid  will  rise  in  the  opposite  tube.  The 
degrees  of  the  scale  through  which  it  passes  will  mark  the 
successive  augmentations  in  the  temperature  of  the  ball,  which 
is  exposed  to  the  greatest  heat.  So  that  this  instrument  is  a 
balance  of  extreme  delicacy  for  comparing  the  temperatures  of 
its  two  scales. 

It  is  a  small  variation  from  this  thermometer  that  constitutes 
Mr.  Leslie's  Photometer.  Those  who  wish  to  learn  more  of  the 
nature  of  this  latter  mentioned  instrument  may  consult  Mr. 
Leslie^s  Treatise  on  Heat,  Nicholson'^s  Journal,  vol.  iii.  4<to.  or 
some  acute  remarks  in  the  Edinburgh  Review,  No.  18. 

When  thermometers  are  devised  to  measure  very  great  degrees 
of  heat,  they  are  usually  called  by  another  name.  See  Pyro- 
meter. 

The  thermometer  and  barometer  together  are  very  useful  in 
determining  the  altitudes  of  mountams,  &c.  accormng  to  the 
rules  delivered  in  our  first  volume,  book  v.  For  this  purpose 
they  are  fixed  in  such  a  frame  as  to  be  conveniently  portable; 
(See  Barometee).  Other  portable  instruments  by  Mr.M*Guire 
and  M.  Humboldt,  which  we  omitted  mentioning  in  that  article; 
are  described,  the  former  in  the  Transactions  of  the  Royal 
Irish  Academy  for  1787,  the  latter  in  Journal  de  Physique, 
an  7,  or  Tilloch's  Philosophical  Magazine,  No.  15. 
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I  Supplement  to  the  article  Thermometer. 

I  Immediately  comiected  with  the  construction  and  improve- 

I  ment  of  thermometers  are  M.  Blot's  ^*  Researches  into  the  taws 

\  of  the  dilatations  of  ligtUds  at  aU  temperatures  T  of  which, 

therefore,  I  shall  present,  in  this  place,  a  translation  with  slight 

abridgment*. 

The  knowledge  of  thelaws  observed  in  the  dilatation  of  liquids 
is  necessary  in  an  infinity  of  chemical  and  physical  inquiries. 
We  require  the  dilatations  of  water,  in  oraer  to  reduce  the 
specific  gravities  observed  in  that  liquid  to  comparable  terms. 
We  require  those  of  alcohol  to  determine  its  density  at  difierent 
temperatures,  or  to  observe  the  thermometers  in  which  that  sub- 
stance is  employed.  Or,  if  we  would  attempt  theoretically  to 
compare  the  dilatability  of  difierent  liquids  respectively,  and 
to  connect  their  more  or  less  rapid  progress,  with  their  tend- 
ency more  or  less  near  to  ebulhtion  and  to  solidification,  we 
cannot  accomplish  it  generally,  or  obtain  any  precise  ideas  on 
this  point,  without  expressing  the  dilatations  by  formulae  which 
shall  represent  them  at  all  temperatures,  and  at  the  same  time 
.  render  evident  the  particularities  of  each  of  the  liquids  it  is 
wished  to  examine. 

Such  Is  the  object  M.  Biot  proposes  to  himself.  He  shows 
that  for  all  Kquids  whose  dilatations  have  hitherto  been  observed, 
the  general  progress  of  each  respective  dilatation  may  be  repre- 
sented at  all  temperatures  by  an  expresaon  of  this  form : 

in  which  t  denotes  the  temperature  in  decrees  of  the  mercurial 
thermometer,  and  a,  &,  c,  constant  coefficients  which  depend  on 
the  nature  of  the  liquid.     He  here  supposes  that  ^^  is  the  true 

(Jilatation  for  the  unit  of  volume  reckoned  from  the  temperature 
of  thawinff  ice;  but  it  is  easjr  to  conclude,  hence,  that  the 
apparent  dilatation  follows  similar  laws :  for,  representing  this 

latter  by  a  ^  and  denoting  by  k  the  cuUc  dilatation  of  the  matter 

of  the  vessel  that  contains  the  observed  liquid  f,  we  have 

p^lecting  here  the  square  of  the  co-efficient  x,  which  is  almost 

*  The  paper  that  contains  theie  researches  was  read  to  the  Society  of  Arcueil, 
August  8th,  1813.  It  is  printed  in  France;  but  the  work  in  which  it  appeared  had 
not  been  published  in  March  1815.  I  have  to  acknowledge  my  obligations  to  M.  Mtf» 
for  transmitting  these  inTestigations  to  me,  through  the  medium  of  my  friend  M. 
HaOtette,  (Professor  of  Mathematics  in  the  Polytechnic  School),  for  the  purpose  of 
insertion  in  this  work. 

t  M.  Biot  means  by  cubic  dilatation  the  triple  of  the  linear  dilatation. 
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always  allowable,  since  the  dilatation  of  solid  bodies  is  extremely 
small.  .^ 

Let  it  be  supposed  th&t  the  primitive  rolume  of  the  IiQpifl 
being  1  when  ^=0*^,  occupies  at  -f/  decrees  a  number  of  qiri- 
sions  X  in  the  tessel  whose  cubic  dilatation  is  x.  This  number 
of  divisions  will  indicated  greater  capacity  than  when  t  was 
nothing.  It  will  answer  to  the  capacity  x  (l+Kt^^K^f^ll- 
miting  the  expression  to  the  square  of  k  ;  and  as  by  supposition 
it  is  equal  to  l-f-^^,  since  ^^  is  the  true  dilatation  for  the  unit  of 

volume,  we  shall  have  the  equation 

x(l  +  Kt-f-f k2^2)  =  1  +  5^ ;  which  givcs 


I 


+  «i  J^-«-.jK'<» 


The  first  term  of  this  expression  is  the  primitive  volume  at 
0®;  the  second  is  the  apparent  dilatation  A^:  we  have,  there- 
fore, 

^  =:r+iS+iK*7r 

The  term  affected  by  f  k^  is  absolutely  insensible  in  the  most 
exact  observations  on  the  dilatations  of  liquids  made  with  glass 
vessels,  between  the  temperatures  of  —  IS**  and  +  100**  (centi- 
grade).   Neglecting  it,  therefore.  We  have  simplyA^  =  y~»* 

value  which,  by  neglecting  the  square  of  k  and  the  product  of 
K  by  ^^,  reduces  to  A^=  J*^—  aty  as  we  have  assumed  above. 

Now,  to  establish  the  preceding  law,  and  determine  the  co- 
efficients fl,  5,  c,  relatively  to  different  liquids,  M.  Biot  employed 
the  results  of  a  series  of  experiments,  made,  with  mucn  care^ 
by  De  Luc*,  on  the  dilatation  of  niw^  different  liquids  with 
which  he  had  constructed  thermometers,  regulating  them  from 
the  tempemtures  of  melting  Ice,  and  boiling  water;  marking (P 
at  the  first  pointy  80^  at  the  second,  and  cUviding  the  interval 
into  80  equal  parts.  These  liquids  were^  1.  Mercury.  2.  Oil 
of  olives.  3.  JBssendal  oil  of  camomile.  4.  Essential  oil  of 
thyme.  5.  Water  saturated  with  muriat  of  soda.  6.  Alcohol 
highly  rectified.  7.  Alcohol  and  water  in  equal  parts.  8»  Alcohol 
one  part,  water  three.    9.  Water. 
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Comparative  Indications  of  Nine  Thermometers  made  of 

different  Liquids. 


BMumar*fl 
scale. 

Oil  of 
olives. 

£8sen. 

tial 

oil  of 

camo- 
mile. 

BssfQ* 

tial 
oil  of 
thyme. 

80-0 

Water                   One 

laturtted  Hi^y  pirt  al- 

with  mu-    recti-    cohol, 

riat  of      fied  al-     one 

soda.       cohoL    water. 

Oii"" 

pact 

alcohol, 

three 

water. 

Water. 

Mercury. 

80 

80-0 

80-0 

80-0 

80-0 

80-0 

80-0 

800 

76 

74-6 

74-7 

74-3 

741 

73-8 

73-2 

71-6 

710 

70 

69-4 

69-5 

68-8 

68-4 

67-8 

66-7 

62-9 

62-0 

65 

64'4 

64-3 

63-3 

62-6 

61-9 

60-6 

55.2 

53-5 

60 

59-3 

59-1 

58-3 

571 

56-2 

54-8 

47-7 

45-8 

55 

54-2 

53-9 

53-3 

51-7 

5§-7 

49-1 

40-6 

38-5 

50 

49-2 

48-8 

48-3 

46-6 

45-3 

43-6 

34-4 

320 

45 

44-0 

43*6 

43-4 

41-2 

40-2 

38*4 

28-4 

26-1 

40 

39*2 

38-6 

38-4 

36-3 

351 

33-3 

93-0   20-5    1 

35 

34-2 

33-6 

33-5 

31-3 

30-3 

28-4 

18-0 

15-9 

30 

29-3 

28-7 

28-6 

26-5 

25-6 

23-9 

13-5 

11-2 

25 

24-3 

23-8 

23-8 

21-9 

21-0 

19-4 

9-4 

7-3 

20 

19-3 

18-9 

19-0 

17-3 

16-6 

15-3 

61 

41 

15 

14-4 

141 

14-2 

12-8 

12-2 

111 

3-4 

1-6 

10 

9-5 

9-3 

9-4 

8-4 

7-9 

7-1 

1-5 

0-2 

5 

4-7 

4-6 

4-7 

4-2 

3-9 

8-4 

1-0 

-0-4 

0 

0-0 

0-0 

0-0 

0-0 

0-0 

0-0 

0-0 

00 

-  5 

^41 

-3-9 

-10 

1 

-8-0 

-7-7 

r 

- 

1 

If  we  express  by  d^  the  number  of  degrees  indicated  by  each 

of  these  thermometers,  on  its  own  scale,  when  t  is  the  number 
indicated  by  the  mercurial  thermometer  divided  into  80  parts, 
all  the  experiments  of  De  Luc  may  be  represented  by  the 
general  formula 

D^  =AT  +  BT«  +  CT»; 

A^  B,  c^  h&ng  arbitrary  oohstant  qui^itities,  (differing  in  the 
differeixt  liquids.:  and  of  wh^ch  the  ab^lilte  values,  as  inferred 
by  M.  Biot,  fiom  De  Luc's  experiments,  are  presented  in  the 
following  table. 
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Nature  of  Uie  liquids. 

Values  of  the  co-efficients.                           | 

A 

B 

c 

Mercury    -    - 
Oil  of  olives    - 
Ess.  oil  of  camom. 
Essent.  oil  of  thyme 
Water  satur.with  7 
muriat  of  soda   5 
Alcohol  highly  rect. 
1  Alcohol,  1  water 
1  Alcohol,  3  water 
Pure  water  -     - 
- 

+1-000000 
+0-950667 
+  0-920442 

+0-949335 

• 

+0-820006 

+0-784000 
+  0-705333 
+0-010333 
^0-160000 

1 

+0-0000000 
+  0-0007500 
+0-0013056 
-0-0001667 

+0-0020275 

+0-0020800 
+0-0027500 
+0-0155277 
+0-0185000 

+0-000000000 
-0-000001667 
-0-000003889 
+0-000010000 

+  0-000002775 

+0-000007750 
+  0-000011667 
-0-000039444 
-0-000050000 

To  prove  the  correspondence  of  these  results  with  the  obser- 
vations, M.  Biot  has  computed  the  values  of  d^  by  the  formula 

for  each  of  these  liquids  for  every  10^,  and  compared  them  with 
the  numbers  given  oy  De  Luc's  observations. 

1,  Thus,  computing  the  thermometer  of  oii  of  olives  {rota 
the  formula 

l)y  =0^950667t+0-00075t2-  0-000001667T*, 
we  have  the  following  comparative  table* 


Kind 

of 

liquid* 

Degrees 
of  mer- 
curial 
Thermo. 

Degree  of  Thermometer,  Olive  oil.    1 

Computed. 

Observed. 

Excess 

of  ob- 
servations. 

Olive 
oil. 

80 

70 
60 
50 
40 
30 
20 
10 
0 

80-00 
69-64 
59-37 
49-20 
39-12 
29-15 
19-30 
9-58 
0-00 

80-0 
69-4 
59-3 
49-2 
39-2 
29-3 
19-3 
9-5 
0-0 

0-00 
-0-24 
-^0-07 

0-00 
+0-08 
+0-15 

0-00 
-0-08 

0-00 

Here  the  ^eatest  variation  between  the  observation  and  the 
computation  is  less  than  one  fourth  of  a  degree ;  and  nearly  all 
the  rest  are  exceedingly  minute. 
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M.  De  Luc  put  the  oil  of  olive  thermometer  several  times  in 
a  refrigerating  mixture  which  caused  the  mercurial  thermometer 
to  descend  to  —  14^ ;  and  he  relates  that  the  oil  thermometer  ^ 
remained  nearly  at  that  degree  so  long  as  the  oil  was  not  con«> 
gealed.  This  result  agrees  with  the  preceding  formula;  for  if 
I  we  suppose  t  =:  —  14°,  the  formula  gives  b^  =   —  13® '^l. 

'^  But  when  the  oil  began  to  congeal,  the  olive  oil  thermometer 

f  fell,  all  at  once,  much  lower  than  the  mercurial  thermometer ; 

the  oil,  indeed,  retired  entirely  within  the  ball.  It  will  be  seen  that 
it  was  the  congelation  which  produced  this  sudden  depression : 
for,  when  it  has  taken  place,  if  the  temperature  be  raised,  the 
mercurial  thermometer  will  rise  immediately,  but  the  oil  ther- 
mometer will  remain  at  its  extreme  point  oi  depression,  during 
an  interval  sometimes  considerable,  oeing,  without  doubt,  that 
which  the  oil  would  require  to  become  uncongealed.  But  having 
once  resumed  its  liquid  state,  it  will  soon  regain  its  relative  po* 
^tion  as  to  the  mercurial  thermometer,  and  manifest  its  accus- 
tomed progress.  De  Luc  supposed  that  it  was  the  privation  of 
air  which  enabled  the  oil  to  undergo,  without  congealing,  a 
degree  of  cold  which  would  have  caused  its  congelation  in  the 
open  air.  But  it  appears  from  the  experiments  of  Sir  Charles 
ffiagden,  that  neither  the  exclusion  of  the  air,  nor  rest,  are  ab- 
solutely necessary  to  the  production  of  that  effect,  though  they 
may  contribute  to  it. 

We  may  learn  from  these  phenomena,  1.  That  oil  of  olives 
may,  in  certain  drcumstances,  as  well  as  water,  be  depressed  to 
a  temperature  far  lower  than  its  ordinary  degree  of  congelation, 
without  ceasing  to  be  liquid.  S.  That  it  contracts  in  congeal- 
ing, as  mercury  does,  which  is  evident  of  itself,  as  the  parts  con- 
gealed retire  to  the  bottom  of  the  vessel.  3.  That,  down  to  the 
very  moment  in  which  it  becomes  solid,  it  retains  exactly  or 
very  nearly  the  same  law  of  dilatation  :  this  appears  also  to  ob- 
tain with  respect  to  mercury,  as  we  conclude  from  the  discus- 
sion of  Mr.  Cavendish  relative  to  the  experiments  of  Hutchins 
at  Hudson^s  Bay. 

Hence  we  see  that  olive  oil,  in  cooling  to  any  degree  whatever, 
cannot,  like  water,  have  an  apjparent  maximum  of  condensation, 
at  least  in  glass  tubes.  This,  also,  is  shown  by  our  formula : 
for  this  maximum  would  answer  to  the  case  in  which  we  should 
have 

• 
D 

T 

■"i"  =:  0  ;  which  gives 

0  =:  0-950667  +  0-0015t-0-000005t2; 
an  equation  of  which  the  roots  are 

t'=:  -3iri;  t^^ss  +61F1. 
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Tbis  mdicates  that  if  the  oil  oould  remain  hquid  in  the  thernio- 
iBeter  at  these  temperatures,  and  if  it  oontinued  to  dilate  ao» 
cordine  to  the  same  law,  it  would  have  an  apfparent  maximuin 
otcon&uaiion  at  dlP.l  below  zero,  and  a  maximum  of  dSSoto* 
/fon  at  6UM  above  it  But  these  Emits  are  far  too  remote 
from  our  observations,  to  aUowcrf^our  safely  extending  to  them 
the  consequences  c£  the  formula.  All  that  can  hence  be  con- 
cluded is,  that  olive  oil^solong  as  it  remains  liquid,  continues 
to  contract  by  cooling,  and  that  it  will  even]  congeal  without 
expanding ;  which  is  conformable  to  the  observations. 

2.  For  the  essential  oU  of  camomile^  the  theorem  is 
j,^  =  0-9204416T  +  0-0013056t«-  0-000003880t» 

The  comparison  of  the  results  of  this  formula  with  obsrva- 
tions  gives  the  greatest  deviation  at  40^;  but  even  there  it  is 
only  ^  0^06 ;  in  most  temperatures  below  30^  or  above  45^  it 
is  scarcelv  perceptible.  So  that  practically  this  theorem  may 
be  considfered  as  exact  as  observation  itself.  It  appears,  also, 
that  this  oil  has  not  a  maximum  of  condensation ;  for  the  equa- 
tion of  SMch  maximum  is 

0  =:  0-9204416+0-002612T- 0-00001  1667t«, 
the  roots  of  which  are  t'  =  -  189^. ;  t"  =  +  413®.    Both 
these  values  are  far  too  remote  from  our  experiments  to  be  re- 
garded as  applicable. 

3.  Proceeding  next  to  the  essential  oil  qfthyme^  we  have  the 
formula 

D    =:0-949336t -  0Q001667t«+0-00001t'. 

The  comparison  with  experiment  furnishes  a  very  satisfactory 
correspondence :  from  60®  to  70®  the  differences  l)etween  com- 
putation and  observation  are  nearly  a  quarter  of  a  degree ;  at 
most  other  temperatures  the  differences  are  imperceptible. 
Here,  again,  there  is  no  maximum  of  condensation:  rorthe 
equation  which  would  give  the  maximum  is 

0  =  0-949336 -.0-0003S34T-fO-00003T«, 

the  two  roots  of  which  are  imaginary.     Thus,  this  oil,  like  the 
preceding,  may  become  congealed  without  dilating. 

4.  For  water  saturated  mth  muriat  qfsoda^  the  theorem  is 

D^  =0-820006t+0-0020275t«+0-000002775t«. 

The  correspondence  of  observations  with  this  theorem  is 
nearly  as  great  as  can  be  desdred.  In  only  two  cases  between 
80®  and  —  JO®,  does  the  difference  exceed  a  tenth  of  a  d^ree ; 
and  in  the  'majority  of  instances  the  difference  did  not  exceed 
0-01  of  a  degree.    The  temperature  was  carried  below  zero  by 
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metoi  of  freezing  mixtures.  This  solution,  a^n,  congeals 
without  dilating.     For  the  equation  of  the  maximum  is 

0  =  0*820006  +  0004055T  +  0-000008325x2, 

of  which  the  two  roots  are  imaginary.  Thus  the  mnriat  of 
aoda,  on  combining  wkh  the  water  to  saturation,  loses  its  pro- 
perty of  dilating  bmre  it  beconiies  aolid.  It  would  be  interests 
mg  to  verify  this  result  by  expertment.  For,  although  it  seems 
here  founded  on  a  ver^  stroilg  analogy,  since  the  law  of  the 
dilatation  and  contraction  i$  masntakied  v«ry  rigorously  dowb 
to  —  10^  Reaumur;  yet  it  must  only  be  spoken  of  js  being 
h^hly  probable.  But  to  make  the  experiment  well,  it  will. be 
requisite  that  the  thermometer  formed  of  the  soluticm  be  iBcst 
carefully  freed  from  air,  and  that  the  refrigeradon  be  carried 
on  slowly,  in  order  that  Che  solution  may  be  kept  fluid  e^en  a 
little  below  the  usual  decree  of  its  congelation. 

Sir  Charles  Blagden  has  made  an  Observation  of  this  kind, 
which  is  related  in  his  interesting  memoir  on  ^  The  effect  of 
yarious  substances  in  lowering  the  point  of  congelation  in 
water* ;^'  but  the  solution  which  ne  employed  was  not  saturated; 
it  contained  4 '8  of  water  to  1  of  salt.  Consequently,  its  point 
of  congelation  ought  to  be  at  —  lO'^'ST  according  to  the  law 
which  Sir  Charles  nas  found.  This  solution  continued  to  con- 
tract till  it  was  cooled  to  —  6^67  (17^  Fahr.)  but  had  sensibly 
expanded  by  the  time  it  was  cooled  to  —  7^*55  (15®  Fahr.) 
These  limits  are  far  elevated  above  the  temperature  —  10**  to 
which  De  Luc  has  carried  the  saturated  solution  which  formed 
his  thermometer,  without  its  exhibiting  anv  sign  which  an- 
nounced a  dilatation :  conseauently,  the  experiment  of  Blagden 
cannot  invalidate  the  law  which  we  have  found  for  the  saturated 
solution  employed  by  JDe  Luc.  It  would  be  very  natural  that  a 
certain  proportion  of  salt  would  deprive  the  water  of  its  property 
of  dilating  before  congelation,  and  that  a  less  proportion  would 
not  produce  the  same  effect.  This  is  precisely  what  obtains- 
in  mixtures  of  water  and  alcohol,  as  will  soon  be  seen. 

5.  We  now  pass  to  highly  rectified  alcohol^  for  which  the 
formula  is 

D,  SB  0-784,T  +  0.00208x2  +  000000775t^ 

The  comparison  of  the  results  of  the  theorem  with  those  of  eiL- 
periment  gives  a  difference  of  0^*16  at  the  temperature  of  10^. 
At  no  other  temperature  subjected  to  the  coipparison  does  it 
amount  to.hdf  this,  and  in  nearlv  half  the  cases  it  was  imper- 
ceptible. Here,  again,  the  law  of  the  dilatation  does  not  indi- 
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cate  any  retrogradation^  for  the  condidon  of  the  maxinmm 
of  D^  will  be 

0  =x  0-784  +  000416r  +  000002325t% 

tUe  two  roots  of  which  are  imaginary. 

The  value  of  d^  given  by  our  formula  will  be  very  con<- 

venient  for  the  comparison  of  thermometers  of  alcohol  with 
mercurial  thermometers.  It  will  be  seen  that  this  is  often 
indispensable ;  for  there  is  much  difierence-  between  the  two 
thermometers^  when  they  are  both  regulated  to  the  terms  of 
the  freezing  and  boiling  points.  The  diffbfence  becomes  less 
when  the  thermometer  of  alcohol  is  regulated  to  the  mercurial 
one  at  lower  temperatures.  If  we  put  t  =  (t)  +  t',  and  de- 
termine (t)  in  such  manner  as  to  cause  the  square  of  t'  to 
disappear  from  d^,  we  shall  find  (t)  =:  —  89^*468  r;  and 

then  the  transformed  value  of  d^  will  become 

,D^  ==   -  58<>-981  +  1-34218T'  +  0-00000775t'3. 

The  thermometer  of  alcohol  will,  therefore,  mark  —  58°'981 
on  its  own  scale,  when  x'  will  be  nothing,  that  is,  when  the 
mercurial  thermometer  stands  at  89^*463  below  zero.  Pro- 
ceeding from  this  term  to  80°  either  above  or  below,  the  pro- 
Sess  of  the  two  thermometers  will  be  nearly  proportional ;  for 
e  term  containing  t'^  which  alone  affects  the  exactness  of  the 
proportionality,  cannot  reach  4  degrees  in  the  extreme  case 
where  we  make  x'  =  ±  80°,  Such  is,  therefore,  the  greatest 
correspondence  which  can  ever  exist  between  the  alcohol  and 
mercurial  thermometers,  supposed  indefinitely  prolonged  below 
zero. 

6.  Let  us  next  consider  the  mixtures  of  water  and  alcohol. 
And  first  when  the  proportion  of  water  is  small,  the  affinity  of 
alcohol  for  it  long  preserves  its  liquidity  and  opposes  its  retro- 
gradatioji.  This  is  proved  by  observation  upon  the  thermo- 
meter constituted  of  equal  parts  of  alcohol  and  water.  The 
formula  in  that  case  is 

D^  =  0-705333X  +  000275x3  +  000001  1667t^: 

and  the  comparison  with  observations  proves  that  the  law  of 
the  dilatation  is  very  well  represented  by  this  formula.  The 
proportion  of  water  is  not  yet  sufficient  to  communicate  to  the 
alccmol  its  retrograde  property  :  for  the  equation  which  gives 
the  maximum  ot  d„  is 

0  =  0-705333  +  0-0055X  +  0-000035x«, 

and  its  two  roots  are  imaginary. 

7.  But  on  augmenting  the  water  the  influence  of  that  liquid 
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mem  of  freezing  mixtures.  This  solution,  i^garn,  congeals 
without  dilating.     For  the  equation  of  the  maximum  is 

0  =  0-820006  +  0004055T  +  0-000008325t«, 

of  which  the  two  roots  are  imaginary.  Thus  the  muriat  of 
Aodft,  on  combining  with  the  water  to  Saturation,  loses  Its  pro- 
perty of  dilating  b^re  it  beooniies  mAid.  It  would  be  interests 
ing  to  verify  this  result  by  experunent*  For,  aLkhoush  it  jeentt 
here  founded  on  a  ver^  stroilg  analogy,  since  thelaw  of  tk» 
dilatation  and  contractioin  is  mainlauMd  very  rigooroiifily  dmrb 
to  —  10^  Reaumur;  yet  it  must  only  be  spoki^-of  «s  beii^ 
h^hly  probable.  But  to  make  the  eacperimoat  well,  itwtll.be 
requisite  that  the  thermometer  formed  of  the  solution  be  most 
carefully  freed  from  air,  and  that  the  refrigeration  be  carried 
on  slowly,  in  c^der  that  die  solution  may  be  kept  fluid  even  ia 
little  below  the  usual  degree  of  its  congelation.  ^ 

Sir  Charles  Blagden  has  made  an  observation  of  this  kind, 
which  is  related  in  his  interesting  memoir  on  ^  The  effect  of 
yarlous  substances  in  lowering  the  point  of  congelation  iit 
water*;''  but  the  solution  which  ne  employed  was  not  saturated; 
it  contained  4*8  of  water  to  1  of  salt.  Consequently,  its  point 
of  congelation  oucht  to  be  at  —  10"-37  according  to  the  law 
which  Sir  Charles  nas  found.  This  solution  continued  to  con- 
tract till  It  was  cooled  to  —  6^*67  {IT  Fahr.)  but  had  sensibly 
expanded  by  the  time  it  was  cooled  to  —  7*^*55  (15^  Fahr.) 
These  limits  are  far  elevated  above  the  temperature  ~  10**  to 
which  De  Luc  has  carried  the  saturated  solution  which  formed 
his  thermometer,  without  its  exhibiting  anv  sign  which  an- 
nounced a  dilatation :  consequently,  the  experiment  of  Blagden 
cannot  invalidate  the  law  which  we  have  found  for  the  saturated 
solution  employed  by  £)e  Luc.  It  would  be  very  natural  that  a 
certain  proportion  or  salt  would  deprive  the  water  of  its  property 
of  dilating  before  congelation,  and  that  a  less  proportion  would 
not  produce  the  same  effect.  This  is  precisely  what  obtains, 
in  mixtures  of  water  and  alcohol,  as  will  soon  be  seen. 

5.  We  now  pass  to  higUy  rectified  dlcohot,  for  which  the 
formula  is 

Dj  SB  0-784T  +  0.00208t«  +  O-O00O0T?5t^ 

The  comparison  of  the  results  of  the  theorem  with  those  of  ex- 
periment gives  a  difference  of  0^*16  at  the  temperature*  of  10^* 
At  no  other  temperature  subjected  to  the  coipparison  does  it 
amount  to.hdf  this,  and  in  nearly  half  the  cases  it  was  imper- 
ceptible. Here,  again,  the  law  of  the  dilatation  does  not  indi- 
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^  &  LmUy,  wesbidl  prooeed  to  eunnioe  die  law  dibe  dilata- 
ticm  in  ^  tbermometer  made  of  £stiBed  water,  for  wbidi 
the  theorem  is 

D,  «  -  0.16T  +  0-0185t«  -  OOOOOt^ 

Here  the  term  proportional  to  the  temperatoze  is  negative  ^  a»1^ 
among  the  liquids  which  we  Have  examined,  water  is  the' only 
one  which  presento  that  peculiarity.    Hence  it  is  natural  to 
infer  that  its  dilatations  wul  differ  much  from  those  of  mercury ; 
and  this  is  clearlv  shown  by  the  following  table. 


r 


Nature  of 
the  liquid. 


Distilled 
water. 


Decrrees 

of 

mercur. 

thermom. 


Degrees 


80 

80*0 

70 

62-3 

60 

46-2 

50 

32-0 

40 

200 

30 

10-5 

20 

3-8 

10 

0-2 

5 

—  0-343 

0 

00 

Excess  of 
observa. 


80*0 

00 

62-0 

—  0-3 

45-8 

—  0-4 

320 

0*0 

20-5 

- 

hO-5 

11-2 

- 

hO-7 

4r 

- 

h  0-3 

0-2 

0-0 

-  0-4 

—  0057 

00 

00 

1 

, 

This  tbermometer  is  certainly  the  most  irregular  of  all ;  a 
ctrcumstance  peculiar  to  water,  as  De  Luc  has  frequently  re- 
marked in  his  work.  Yet  we  see  that  the  observations  oscillate 
about  the  formula  within  very  narrow  limits ;  the  discrepancies 
bemg,  indeed,  such  as  are  fairly  attributable  to  the  observa- 
tions. 

Here  we  have  a  maximum  of  condensation,  the  equation 
which  determmes  it  being 

0  s=  —  016  +  0.0S7T  —  000015t«, 
whose  roots  are  t'  =  -j-  4-402'  and  t"  =  +  25P. 
The  first  is  that  which  renders  d,  a  minimum^  and  which  con- 
•eqnently  indicates  a  maximum  of  oondensadon.  De  Luc  savs 
that  this  maximum  appeared  to.him  to  answer  neariy  to  the 
temperature  of  +4%  which  differs  very  litdefrem  the  win. 
putation.  «e^remark»,  al8o,'that  at  the  momenfeaf  this  pheio. 
jwnon,  the  thermometer  of  vmtcr-stvMJd  lababout^  knimme 
below  zero  on  its  own  scale.     Our  formuU  gives -JjO^. 
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!  jLet  it  be  remarked  that  thiis  maximtim  is  oiily  apparenif  and: 

'  that  it  must  receive  a  correction  to  exhibit  the  real  maximum^ 

Let  it  be  recollected,  farther,  that  we  here  employ  distilled 
water,  free  from  air,  and  that  common  water,  wnich  contains 

i  air,  probably  dilates  according  to  rather  different  proportions. 

I  9.  M.  Biot,  previously  to  deducing  from  these  results  the 

true  and  absolute  dilatations  of  the  liquids  observed  by  De  Luc, 

I  remarks,  that  the  thermometrical  observations  on  which  the  pre- 

ceding deductions  are  founded  may  not  perhaps  be  exempt  from 
slight  inaccuracies.  In  M.  De  £uc^s  work  he  treats  much  at 
lar&^e  on  the  construction  of  the  thermometer,  and  speaks  only 
of  tne  care  which  should  be  taken  in  immersing  at  once  the  ball 
and  the  liquid  column  in  the  temperature  which  he  would  com- 
municate to  it.  The  same  thing  should  be  regarded  in  observ- 
ing the  intermediate  temperatures  between  the  fixed  points. 
If  these  precautions  have  been  neglected  by  De  Luc,  which,  in 
truth,  is  scarcely  probable,  all  the  numbers  observed  by  that 
philosopher  will  oe  affected  by  a  small  error,  equal  to  the 
dilatation  of  the  portion  of  liquid  contained  in  the  tube  of  his 
thermometers  at  each  of  the  temperatures  observed.  Hence 
it  would  be  interesting  to  have  these  results  confirmed,  by  a 
rqietition  of  the  experiments. 

10.  Let  us  now  proceed  to  deduce  the  true  and  absolute 
dilatations :  which  is  very  easy.  To  fix  and  graduate  the  ther- 
mometers De  Luc  put  them  successively  in  the  temperatures  of 
melting  ice  and  boiling  water ;  marking  in  each  case  the  upper 
extremity  of  the  liquid  column,  and  dividing  the  interval  into 
80  equal  parts.  Conseouently,  the  absolute  and  apparent  dilata^ 
tion  of  the  liquid  employed  being  represented  together  by  n, 
that  dilatation  will  determine  the  extent  of  80^ ;  and  thence, 
knowing  n^,  that  is  to  say,  the  number  of  degrees  of  iiie  same 

thermometer  corresponding  to  the  temperature  r,  we  may  easily 
deduce  the  apparent  dibtation  a,  ;  tor  we  have  obviously 

But,  calling  i^  the  true  and  absolute  dilatation  of  a  liquid, 

that  is,  the  dilatation  which  would  be  observed  in  a  vessel  not 
;'^        dilatable,  we  have  seen  that  it  may  be  computed  from  the  ap« 
parent  dilatation,  and  that  we  have  in  general 

9^  =  KT+  (1  +  kt)  a,; 

x  being  the  cubic  dilatation  of  the  matter  of  the  vessel  in  which 
the  apparent  dilatation  A^  is  observed.     Putting,  therefore, 

hcire,  for  A     it*  value  in  terms  of  d^  it  will  become 

>,  =  KT  +  D  i±^  D  ; 
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then,  sobstitating  for  ©,  the  general  expression  at  -|-  bi^-I;"  ^""^^ 
which  has  been  verified,  we  have 

which,  by  actual  multiplication^  becomes 

The  term  that  includes  t^  may  be  always  regarded  as  insen- 
sible. For  water  it  would  only  give  ,06^606  of  the  primitive 
volume  even  when  t  =  80*^.  Thus,  neglecting  this  term,  when 
the  total  dilatation  d  is  known  for  any  liquid,  we  must  substi- 
tute its  value  in  this  formula,  and  making 

,        D.4.  ,  B  +  AK  C  +  BK 

a==K  +  —,...b  =  D   -jjp,  .  .  .  C    =    D  -^^, 

we  shall  have,  for  any  other  temperature  the  true  and  absolute 
dilatation  ^^  by  the  formula 

which  is  that  which  was  announced  at  the  commencement  of 
(hese  inquiries.  But,  if  the  experiments  which  Reemploy  are 
extremely  accurate,  the  term  proportional  to  the  fourth  power 
of  the  temperatures  may  perhaps  be  rendered  perceptible;  and 
in  that  case  it  would  be  necessary  to  introduce  a  term  of  that 
order  in  the  computation  of  i>,  from  the  observations.     Let  it 

be  remarked  also,  that  these  formulse  being  expressed  in  de« 
grees  onReaumur^  the  cubic  dilatation  k  of  the  matter  of  turhich 
the  vessel  is  constituted  must  always  be  taken  in  reference  to 
those  degrees* 

11  •  Au  De  Luc'^s  experiments  were  made  with  thermometer 
tubes  of  g^ass.  From  the  experiments  of  Lavoisier  and  La- 
place it  appears  that  the  cubic  dilatation  of  glass. ^nploy^  for 
this  purpose  is  0*0000262716  for  each  degree  of  thecente^iipal 
thermometer.  Multiplying  this  by  "/  or  adding  to  it  ^  of  its 
value^  we  shall  have  the  cubic  dilatation  corresponding  to  a 
degree  on  Reaumur's  scale^  namely,  k  =  0'00003284i.  •    ' 

All  is  reduced,  therefore,  to  the  determining  by  experiment 
the  total  and  apparent  dilatation  n.  Unfortunately,  there  are 
no  liquids  of  which  it  can  at  present  be  said  that  this  is  pre- 
cisely known.  In  this  uncertainty  let  us  investigate  the  means 
of  computing  it  for  water  and  alcohol,  from  the  experiments  of 
Gilpin  and  Blagden,  having  regard  to  the  dilatations  of  the 
vessels.  In  truui,.  those  philos(^hers  have  only  deterq[)ined 
the  weights  from  0''  to  30°*2  R.;  but,  as  they  appear  to  h^e 
been  made  with  very  great  care,  their  precision  may  compensate 
for  what  they  want  in  extent.     Besides  which,  there  are  easy 
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iaeans  of  tiyin^  oar  fbmiulfe,  oakI  dedocing  valuer  wkicb  niafjr' 
one  day  be  vwified  by  direct  experiinents. 

12.  We  shall  commence  with  alcohol.  By  comparing  the 
weights  of  the  same  volume  of  this  liquid  ascertained  by  Gil- 
pin and  Blagden  at  30%  35%  and  40*^  of  Fahrenheit,  M.  Biot 
has  deduced  by  interpolation  the  weight  of  the  same  volume  at 
312%  which  answers  to  0°  upon  Reaumur^s  scale*  Then  com- 
paring that  result  with  the  weights  observed  at  60°,  70°3  95"*^ 
and  100°  of  Fahrenheit,  he  has  deduced  the  relation  of  the 
volumes  at  those  different  temperatures,  assuming  for  unit  the 
primitive  volume  at  3^,  or  at  the  temperature  c?  melting  ice. 
Thus  he  obtained  the  following  results : 


Degress  on  mercarial 
thennoxBefter. 

Volume  of  alcohol 
observed. 

Dilatation  ft&m  . 
the  temperature  of 
melting  ice. 

32*^  F  or    0^0  R 

50.               &-00 

70.              16'-8^ 

95   .      :     28:0(0^ 

100               30  -22 

1-000000 
1-010003 
1-021750 
1037369 
1-040525 

0-000000 
0-010003 
0-021750 
0087360 
0-040525 

To  deduce  from  these  results  the  total  dilatation  n  from  0° 
to  80°  R,  M.  Biot  employs  the  two  last  observations,  and  con- 
siders them  as  given  values  of  ^x*   Then  in  th^  equation 

all  is  knowa  except  d  ;  whence  that  quantity  may  readily  be 
deduced.     First,  computing  d^  and  kt,  there  are  found 

T  =:  28  000;  at  -f  bt2  +  ct^  =  22*753;  kt  =  0.00091952 : 
T  =:  30-222;  at  +  bt2  -f-  ct»  =  25-808;  kt  =  0-0009924®: 

then  from  the  observations  we  have  # 

T  =  28000; S.  =  0-087369; $^  -  kt, « 0-036449 ;-i7i7  =  <>• 


8^— KT 
I  +K  T 


=  0. 


T  =30-222;  ^^  ===  0-040525;  J^  —  kt  ==  0-039533; 

Substituting  these  values  in  the  formula,  we  shall  have  two 
equations,  viz. 


23*753 
80 


25-808 


0-036416  =^^^r^D,  and  0-039494  ==  -r— i>. 


80 


From  the  first,  d  =  0122649 ;  from  the  second,  d==0*122424. 
These  values  differ  only  by  0  0002  of  the  primitive  volume 
at  0*^ :  taking,  therefore,  the  mean,  we  have 

.     B  =0^122536, 

K  K  2 
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which  if  the  apparent  dSUMdaacf  the  tSccinA  in  gkasfrom  O^ 
to  80^  R.  To  obtain  the  #r«^dilatatioo,  reooonemust  behad> 
to  the  formula 

a;  =  KT  +  (1  +  kt)  A^  , 

which,  when  t  =  80°,  becomes 

^go  =  80k  +  (1  +  80k)  d. 

8abstitatii]|;  here  for  d  and  k  the  values  already  obtiuned, 
their  results  for  highly  rectified  alcohol 

9qo  =  0-1254852, 

or  nearly  one-eighth.    This  is  the  true  dilatation  of  alcohol 
from  O*'  to  80°  R. 

M.  Biot  knew  of  no  other  indication  on  this  subject  than 
that  of  Nollety  who,  in  his  "  Lemons  de  Phymguei^  torn.  iv.  p. 
8799  says  that  alcohol  is  dilatedby  0-087  while  passing  from  the 
temperature  of  congelation  to  that  of  boiling  water.  M.  Biot 
shows  the  reasons  of  the  want  of  correspondence  in  the  results ; 
and  proceeds  to  compare  his  deductions  with  those  of  Sir 
Charles  Blagden  and  Mr.  Gilpin.  In  order  to  this,  be  com- 
putes the  vaiues  of  the  true  dilatation  ^, ,  for  different  tem- 
peratures comprised  within  the  range  of  their  experiments,  by 
means  of  the  KMinula 

>T  =  KT  +  —^  (at  +  bt2  4-  CT^)  (1  +  kt). 

Thus  be  obtains  the  following  comparisons. 


Degrees  of  the 

mercurial 
thermometer. 

Correfpooding 
degrees  of  alco- 
hol tbermom. 
computed. 

True  dilatation  from  the  temperature 
^  of  melting  ice. 

Computed. 

Observed. 

Excess  of 
obsorvi. 

S2»  F.  or    a>    R. 
50                8.00 
70               16-89 
95              2800 
100               30-22 

0-000 

6-409 

13-939 

23-753 

•    25-808 

0-00000 
O-010O8 
0-02191 
0-bj733 
0-04056 

OK)0006 
0-01000 
0-02175 
0-03737 
0-04053 

0-00000 

—  0-00008 

—  0-00016 
+  0*00004 

—  0O00O3 

The  correspondence  of.  these  results  is  quite  as  perfect  as 
could  be  hoped  for;  and  the  deviations  o?  the  formula  from 
the  observations  may  be  as  naturally  ascribed  to  the  latter  as  to 
the  former.  Hence,  reducing  the  coefficients  of  J^  and  A, 
into  numbers,  we  shall  have  the  following  results  for  any  tem- 
perature, T,  whatever,  expressed  by  the  mercurial  thermometer 
in  degrees  of  Reaumur. 

I.  Degrees  of  the  thermometer  of  alcohol  on  its  own  scale, 

1>T  =  0-784T  +  000208x2  +  0-00000775i^. 

II.  Apparent  dilatation  from  O*'  in  glass  tubes, 

A  ^  =  0.0020085T  4-  0.000003185p3T«  -f  0-00000001  187t». 
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I,  III.  True  dilatation, 

i  j^  =  0'00123369t  +  0-00000322537tS  +  000000001  198t». 

In  this  expression  for  the  true  dilatation  the  term  containing 
T%  whose  coefficient  is  4  preceded  by  Id  ciphers  between  it 
and  the  decimal  point,  is  suppressed.  The  omission  will  only 
occasion  an  error  of  0.00002  in  a  dilatation  of  80^;  and  the 
observations  never  reach  this  precision.    It  must  not  be  for- 

S gotten  that  these  formuliae  apply  only  to  alcohol  hi^ily  rectified; 
or  we  have  seen  that  the  dilatations  of  this  liquid  follow  a  dif- 
ferent law  when  it  contains  a  large  portion  of  water.  By  means 
of  these  formulae  thermometers  of  alcohol  or  of  mercury  may 
be  employed  indifferently. 

13.  M.  Biot  institutes  a  similar  calculus  for  n;a^^r,  proceed- 
ing here,  also^  from  the  experiments  of  Gilpin  and  Blagdeu, 
at  the  temperatures  before  specified.  After  tabulating  his  re- 
sults as  in  the  case  of  alcohol,  he  again  employs  the  observa- 
tions at  95°  and  100°  F,  or  28°  and  30°-22  R.  He  then  recurs 
to  the  formula. 

»T=KT+    ^30  Pt' 

There  result,  from  the  computation, 

T=  28000;  D^  »  8-9264;  kt  s  0*000919; 
T  r=  80-222 ;  d,  =  10-6818 ;  XT  =  0000902. 

Then  from  the  observations, 

28-000;  Et  =0«005829;  8-  —  kt«  0«004SI0;  IH!^  «  O-0O405O: 

I  +  KT 

T«>  30*832;  B-  »  0K)068409;  8,  -.  xr  »  0H)058485;  'LzJ^bs  0-0058427. 

I  +  KT 

Substituting  these  values  in  the  formula,  they  give  respectively 
the  equations, 

0-004905  =z  !2!5!  D,  and  0-0058427  =  12:5^  d. 

80         '  80 

It  is  obvious  that,  here,  the  minuteness  of  d,  renders  the 
determination  of  d  far  less  favourable  than  with  respect  to 
alcohol ;  so  that  it  would  have  been  preferable  if  we  could  have 
employed  experiments  made  at  a  higher  temperature.  Yet  the 
extreme  care  of  the  observers  in  great  measure  compensates 
for  this  disadvantage ;  and  thus  the  two  values  of  n  deduced 
from  these  equations  agree  very  well  together.  They  are 
D  ==  00439595, and  j)  =»  0-0437582.         " 

The  difference  between  these  is  only  0*0002  of  the  primitive 
volume.    Taking,  therefore,  the  mean,  we  have 

D  =  0-043859, 
which  is  the  appa/rent  dilatation  of  water  in  glass  from  0^  to 
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80^  R.    To  obtain  the  true  dilatation  he^tea  dioeefimits^ 
i^coune  mast  be  had,  as  before,  to  the  formula 

^so  =  80k  +  (1  -f  80  k)  j>; 

in  wbich^  substituting  for  k  and  d  their  values,  we  get  nlcimately 

^30  =  0046601, 

for  the  true  dilatation  of  water  between  the  temperatares  of 
0^  and  80^  R. 

M.  Biot  has  compared  this  result,  also,  with  the  experiraente 
of  NoUet,  and  traced  the  sources  of  disagreement.  He  then, 
as  Ijefore,  compares  the  results  of  his  calculus  with  the  experi- 
ments of  Gilpm  and  Blagden,  which  he  effects  by  means  of  the 
formula 

a,  =  XT  +  |j  (1   +  XT)  D,  ; 

thus  obtaining  the  following  table,  in  which  the  unit  of  volume 
is  the  primitive  volume  of  water  at  0^. 


Degrees  of  the 

mercurial 
thermometer. 

Corresponding 

degrees  «f  ther* 

mom.  of  water, 

computed. 

True  dilatation  from  the  teraperatune 
of  melting  ice. 

CoBopuied. 

Obwrred, 

Excess  of 
obsenration. 

32®  F.  or    0»    E. 
40                 3-56 
50                 8-00 
70               16-89 
95                28-00 
100                30-22 

0.0000 

-  0-3873 

-  0.1220 
+     2-3340 
+    8-9264 
+  10-6818 

0-00000 

-  0-oooor 

+   0-O0019 
+   0-00184 
+   0-00581 
+  0-00685 

0-00000 

-  0-00012 
+  04)0014 
+   0-00188 
+   0-00583 
+   O-00684 

O-OOOOO 
+  0-00005 
-~  0-00005 
+   0-00004 
•h  0*00002 
-  000001 

.  The  formula  and  the  observations  are  evidently  of  equal  ac- 
curacy. The  deviations  are  all  found  in  the  order  of  hundred- 
thousandth  parts  of  the  unit.  So  that  these  experiments,  whidi 
are  so  delicate  to  make,  as  their  authors  testify,  are  susceptible 
of  confirmation  from  a  calculus  founded  on  the  thermometrical 
observations  of  De  Luc,  combined  with  a  single  measure  of  the 
absolute  dilatation  of  water.  Hence,  reducing  the  coefficients 
of  $^  into  numbers,  we  obtain  the  following  results  for  any  tem- 
perature T  expressed  in  degrees  of  Reaumur. 

I.  Degrees  of  the  thermometer  of  water  on  its  own  scale, 
=  -  <M6t  +  0-0185T*  -  000005T*. 

IL  Apparent  dilatation  of  the  water  in  glass  tubes, 
A  X  =-0000087T18t-|.0.0000101424t*-0000000027412t^ 

III.  True  dilatation, 
a^  =r-0000054878T4-0-000010I395T*  -O  0000000270801^. 

In  this  expression  for  the  true  dilatation  the  term  that  con- 
tains T*,  and  of  which  the  coefficient  is  9  preceded  by  12 
ciphers  between  it  and  the  decimal  point,  is  suppressed.  The 
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ofhisflioD  #ill  oEily  cause  an  error  of  0*00004  of  the  printtive 
volume  in  the  dilatation  due  to  80^.  It  must  not  be  forgotten 
that  the  laiir  of  dildtation  changes  when  other  subatances  are 
dissolved  in  water. 

The  value  of  f^  ^^  susceptible  of  a  minimum  which  shows  us 
the  maxim/iem  of  condensation  of  pure  water.  The  equation 
which  determines  this  minimum  is 

0  =  -  0000054878  +  0000020279T  -  000000008124t«. 

Taking  only  the  smaller  root  of  this  equation,  it  is  t =2°*736 
of  Beaumur^  or  3° -42  of  the  centesimal  division.  Mr.  Gilpin 
and  Sir  Charles  Bla^den,  according  to  J)v.  Thomson,  carry 
the  true  maximum  decondensation  to  3^*89  of  the  centesimal 
division ;  and  Dr.  Hope  found  it  frequently  at  3^*33.  Gn  this 
point  there  may  be  some  minute  differences,  depending  on  the 
more  or  less  perfect  correspondence  of  the  thermometers  em- 
ploved  by  the  di£Eerent  observers,  and  probably  on  the  greater 
or  less  degree  of  purity  of  the  water  employed ;  for  we  have 
aeen  that  the  mixture  of  £>cei&n  substances  dissolved  in  water 
may  not  only  depress  the  maximum  of  condensation,  but  even 
cause  it  to  disappear  entirely*  But  it  is  at  least  evident  that 
this  calculus  so  accords  with  the  whole  of  the  experiments,  as 
to  allow  only  very  slight  variations  in  reference  to  the  point 
before  us. 

In  a  very  curious  series  of  experiments  made  by  Sir  Charles 
filagden,  to  ascertain  to  what  point  water  may,  in  certain  cir- 
cumstances, be  cooled  below  zero  without  ceasmg  to  be  liquid, 
he  has  remarked  that  its  retrograde  dilatation  continued  even 
then,  and  that  it  became  so  rapid  as  to  bear  a  considerable  pro« 
portion  to  the  total  dilatation  experienced  by  the  water  on 
passing  into  the  state  of  ice^.  This  is  an  evident  consequence 
of  the  formulae.  For,  in  the  value  of  the  apparent  dilatation  A  ^^ 
when  T  is  positive,  the  terms  tend  to  annihilate  each  other  by 
the  opposition  of  signs:  while,  below  0°,  t  becoming  negative, 
all  the  terms  take  toe  same  sign,  and  their  svm  is  ^fectiye.  To 
ascertain  how  far  the  difference  may  extend,  let  the  value  <^  A  ^ 

be  computed  from  +  10^  R.  to  -^  10^  R.;  we  shall  then  have 

T  =:  +  10°     -     -     -     .     -      At  =*  00001097 
X  :;=  -•  10° A,  =;  00019188; 


*  "  In  experiments  where  the  water  is  cooled  much  below  its  freezing  point,  I  have 
leen  (skys  Sir  Charles)  the  expansion  so  great  as  to  bear  a  considerfil^e  proportion  to 
the  whole  expansion  prodvce^  by  freezing,'  which  last  I  beliere  is  mor«  .th«n  ^.of  t^e 
volume  of  the  water.  It  seemed  as  if  the  expansion  proceeded  in  an  increasing  raUo, 
being  much  greater  on  the  last  degree  of  cooling  than  it  was  on  the  first/'  Phil.  Trans, 
voltlxviii.     New  Abridgment,  vd.  xvi.  4t7. 
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tiiiereit  is  evident  that  die  latter  it  to  thefomer  abontin  tlw 
ratio  f^lStol. 

14.  Knowiog  the  valoe  of  the  true  dilatation  >,,  it  is  ea^ 

thence  to  deduce  the  apparent  dilatation  in  vessels  of  an^  sob- 
stance  whatever.  For,  denoting  by  k  the  cubic  dilatation  of 
the  matter  of  which  those  v^ssds  are  constituted,  the  iqpparent 
dilatation  A^  is  given  in  general  by  the  formula 

If  we  wish  to  ascertain  the  dilatation  A,  ^ply  for  tempera- 
tures but  little  elevated^  and  those  which  always  remain  low, 
we  may  neglect  the  product  of  $^  — -  kt  by  kt,  and  suppose  the 

denominator  of  the  second  member  equal  to  vni^.  In  which 
pase  we  sh^U  have 

It  is  thus  that  we  shall  employ  it  in  the  use  hereafter  to  be 
made  of  thb  formula.  But  for  the  mater  simplidty,  we  shall 
substitute  the  letter  a,  r,  b^  for  me  numerical  coeflBcients 
which  f^  contains,  that  is  to  say,  we  shall  take  generally 

J,    ss  ar  +  ftr*  +  rr'. 
a,  b,  and  c,  having  valuer  already  determined.    This  substitu- 
tion gives 

4^  =  (a  —  k)  T  +  6t*  +  CT*. 
15.  The  apparent  dilatation   At  maybe  susceptible  of  a 
minimum  depending  on  the  dilatability  of  the  matter  of  which 
the  vessel  is  form^.    The  equation  which  determines  this 
minimum  is 


A, 


=;r:  0^  or  0  =  a  -  K  +  26t  +  3cT*, 


T 

a  quadratic  equation,  whose  roots  are 

T  = -zLt^dfclllzEii],  and  T  =,  -h^^l^'H^-^M 

These  roots  will  be  both  positive  so  long  as  the  substance  of 
the  vessel  is  of  a  nature  to  expand  by  beat :  for,  since  a  is  nega^- 
tive  as  well  as  c,  the  product  3  (fl^^)  c  will  then  be  positive.: 
the  value  of  the  radical  expression  will  therefore  be  less  than 
that  of  5,  and  as  the  denominator  3c  is  negative,  the  two  roots 
will  have  the  sign  -f;.  But  the  first  is  the  only  one  which 
interests  us,  because  it  is  that  which  is  always  very  small.  To 
compute  it  exactly  with  facility,  it  will  be  advantageous  to 
transform  the  equation  by  multiplying  both  terms  of  the  frac^ 
iion  by  6  -H  -v/  [6»— 3  (a— k)c],  when  it  will  become 


T  = 


t+V[ef-3(a— K)c]' 
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It  will  then  only  be  reqaisite  to  {mt  for  k  its  value  in  this 
formula,  and  we  shall  have  the  temperature  t  of  ^e  apparent 
maximum  of  condensation.  The  absolute  maximum  of  con- 
densation  is  found  by  making  k  =  0,  when  we  have 


Since  the  value  of  c  is  extremely  minute,  if  the  temperature 
of  the  maximum  should  be  very  small  also,  we  may,  in  approxi- 
mations, neglect  the  term  Scr^  m  the  equation  which  determine^ 
that  maximum ;  in  which  case  we  shall  have 


Apparefit  maximum  t  = -j 

True  m^kximum  (t)  =  — 
Whence  we  deduce  t  =  (t)  + 


25 


a 

Hb 


26 


This  result  shows  how  the  apparent  maximum  depends  upon 
the  true  maximum  and  the  dilatation  of  the  vessel.  It  shows 
that  to  obtain  the  temperature  x  of  that  maximum,  it  is 
requisite  to  have  regard  to  the  term  which  contains  the  square 
of  the  temperatures  in  the  expression  of  the  dilatation  of  water. 
But  this  more  simple  result  is  only  an  approximation ;  and 
the  true  expression,  namely. 


T  —   —  ^^* 


6+V[6«— 3(fl— K)cl> 


may  differ  from  it  very  perceptibly,  especially  if  the  vessels  are 
verv  dilatable ;  for  then  the  values  of  k  and  t  will  both  increase, 
ana  the  error  which  may  result  from  neglecting  Uie  term  Sct* 
may  be  very  considerable. 

16.  This  result  M.  Biot  applies  to  the  experiments  made  by 
Mr.  Dalton  on  the  apparent  maximum  of  condensation  of 
water  in  expansible  vessels*.    To  Dalton's  results,  Biot  an- 


*  Nicholson's  Journal,  N.  S.  vol.  x.  p.  93.  (1805.) 

I  shall  throw  into  this  note  the  principal  part  of  Mr.  Dalton*s  paper  cited  by 
Bi.  Biot 

^'  A  number  of  water  thermometers  are  to  be  procured,  the  containing  vessels  of 
which  are  of  different  materials,  as  earthen  ware,  glass,  and  various  metals.  Each  of 
these  should  contain  one  or  two  ounces  (from  4  to  800  grains),  more  or  less,  of  water. 
Common  brown  inkstands,  which  go  by  the  name  of  Nottingham  ware,  answer  very 
well  for  one  species,  but  they  require  to  be  well  painted  without,  as  they  are  not  other- 
wise water-tight.  I  have  a  few  of  Queen's  ware,  made  purposely  in  Staifi>rdshire^ 
which  constitute  another  species  of  earthen  ware ;  some  of  them  are  glazed  in  and 
out ;  others  unglazed,  but  these  being  painted  without  are  water-tight,  and  expand  the 
same  by  heat  as  glazed  ones :  Of  gU»s,  common  thermometer  tubes,  with  larger  bulbs 
than  ordinary,  are  suflScient.  I  have  the  metallic  vessels  made  in  the  shape  of  cylin- 
drical tin  canisterst  conical  towards  the  top,  and  at  the  summit  a  snuUl  cylindrical  tube, 
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heset  the  cubic  diktatiotM  of  <be  sulwtMtees  of  vAadt  the  vessels 

such  as  to  take  a  tfaermoinater  tiibe.  The  gia2sed  earthen  ware  and  the  netalfic  require 

mostly  to  be  painted  before  they  are  quite  tight. 

^  The  vessels  being  thus  prepared,  they  are  to  be  filled  with  water  previously  boiled 
to  expel  the  air:  a  thermometer  tube  with  cement  is  then  suddenly  plunged  into  the 
vfissei  and  cemented  fast^  the  water  may  then  be  driven  out  of  the  tube  bj  heat, 
or  more  may  be  put  into  it  by  a  small  wire ;  it  is  then  fit  for  use,  and  a  scale  of  equal 
parts  maybe  applied  to  the  tube;  or  it  may  be  divided,  and  marks  made  with  a  jfile  or 

*^  Some  of  the  results  of  my  experiments  with  instruments  of  tliifi  kind  ace  as  follows 
(Fahrenheit's  Thermom.) 

Water  Water  the  same 

lowest.  height. 

1.  Brown  earthen  ware,  No<  I,  at  36o  -  at  S'J9  and  40o 

9.  Brown  earthen  ware,  No.  2,  38  -  -  32  and  44 

3.  Queen's  ware^  -         .  40  -  -  32  and  48 

4.  Flint-glass,  -        -  41^  -  -  32  and  51 

5.  Iron,  thin  plate  -        -  42^  -  -  32  and  53 

6.  TinnediroQ,  *        -  42|  -  -  32  and  53 

7.  Copper,  -        -         -  45^  -  -  32  and  59 

8.  Brass,  .         -        -  46  -  -  32  and  60 

9.  Pewter,            •        -        •  46  ..  -<  S2  and  60 
10.  Xiead,               -        -        -  49^  *  -  32  and  67 

'^  Another  phenomenon  in  these  instruments  is  observable;  it  Is  uot  new^  but  it  de- 
Ise'tves  a  marked  attention  in  the  present  inquiry :  If  the  apparent  expansion  of  water 
for  the  first  lOo  of  temperature^  reckoned  from  the  lowest  point  in  any.of^he  above  in- 
strument, be  denoted  by  1 ;  then  if  the  instrument,  taken  at  any  temperature,  be  sud- 
denly plunged  in  water  of  I Oo  higher  temperature,  the  water  instantly  Hnk*  a  consider- 
able way,  occasioned  no  doubt  by  the  vessel  being  extended  by  the  heat  before  the  water 
it  contains  has  time  to  expand.  The  quantity  of  depression  in  the  different  instruments 
was  found  as  under : 

**  3rown  earlhen  w^re  sinks  by  being  dipped  in  water 

of  IQo  higher  temperature,        -  -         '2 

Queen's  ware,  _         -         .         -         -         '3 

Flint-glass,  -         -        -        -        -        -25 

Iron,  -  .....        •66 

Copper,  .-  ....        -        '9 

Brass,  -  .         -        -         --1H 

Pewter,         -  .....       1*0 

Lead, 1-5." 
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Respective 

substances 

of  the  vessels. 

Cubic  dilatation 
for  1«R.  according 
to  Lavoisier  and 
Laplsce. 

JVIaximum  of 

condensation 

observed  in 

degrees  of 

£iaum«if« 

Dorses  at  which 
water  stands 
at  the  samie 
heighL 

.f 

Flint-glass  - 
Iron   -   -   - 
Copper  -  - 
Brass      *   - 
Pewter  -   - 
Lead    -  -  - 

0-00003003 
0  00004578 
0-00006309 
0-00007002 
0'00007266 
0-00010689 

4^-222 
4-  667 
6-  000 
6-222 
6-  664* 
7-778 

0°  and  8°-444 
9-  334 

12-  000 
12-444 

13-  328 
15-555 

* 

• 

^  The  comparison   of  these  results  with  the  formulae  is  ex- 
hibited in  the  following  table. 


JRespective 

substances 

of  the  vessels. 

Apparent  maximum  of  condensation  in 
degrees  of  Reamnar.  . 

Computed. 

Observed. 

Excess  of 
observation. 

Flmt-glass  - 

Iron 

Copper    -- 

Brass 

Pewter 

Lead  -  •  -.  - 

4^-236 
5-072 
5-960 
6-319 
6-456 
8-246 

4°-222 
4-667 
6-000 
6-222 
6-664 
7-778. 

-0-014 
—0-405 
+0040 
-0097 
+0-108 
-  0-468 

The  differences  here  evinced  between  the  calculus  an4  (he 
experiments  are  by  no  means  great.  They  may  even  arise 
irom  some  slight  i(u£ferences  between  the  expansions  of  the 
substances  observed  by  Lavoisier  and  Laplace,  and  the  expisui- 
sions  of  those  which  constituted  Mr.  Dalton's  vessds ;  and  so 
much  the  rather,  as  the  errors  of  expansion  become  extremely 
augmented  by  the  smallness  of  the  divisor  by  which  they  «fe 
itfiected  in  the  expression  for  t.  But  farther,  a^  the  deviations 
are  maiked  generally  by  the  negative  sign,  M.  Biot  is  inclined 
to  think,  that  the  water  employed  by  Mr.  Daltcxi,  iit  least  in 

*  This  value,  6*664,  is  employed  as  it  appears,  torn.  iL  p.  ]  56.  of  the  French  trans« 
lation  of  Thpmson's  Chemistry*  In  Nicholson's  Journal,  the  number  for  pewter  is 
the  same  as  for  brass ;  which  M.  Biot  regards  as  an  erratum,  especially  as  the  valup 
giren  by  Dr.  Tbomsoa  agrees  very  wdll  with  the  theory.  
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some  of  his  experiments,  was  not  perfectly  pure,  but  that  it 
contained  a  small  quantity  of  some  saline  substance,  which 
rather  d^>|'essed  its  maximum  of  condensation.  This  may 
explain  wny,  on  employing  vessels  whose  dilatation  was  almost 
imperceptible,  as  earthen-ware,  for  example,  Mr.  Dalton  has 
found  the  apparent  maximum  lower  than  the  ordinary  term  of 
the  true  maxunum,  and  once  among  others  at  +  1^-78  Reau- 
mur ;  while  Biot's  formula  for  pure  distilled  wiater  gives  the 
true  maximum  at  S®74R.,  almost  l^R.  higher  than  Dalton 's 
servation. 

Mr.  Dalton  has  also  observed  that  in  his  vessels  the  water  is 
made  to  stand  at  equal  altitudes  by  equal  changes  of  tempera- 
ture above  or  below  that  which  answers  to  the  apparent  maxi- 
mum of  condensation.  This^  again,  is  a  consequence  of  our 
formula.  The  general  expression  of  the  apparent  dilatation 
A,  in  these  lower  temperatures  is 

and  putting  t'  for  the  temperature  at  the  apparent  maximum 
of  condensation,  we  have  seen  that  this  temperature  is  given  by 
the  equation 

Making,  in  general,  T==T'+^  that  is,  reckoning  the  temper- 
atures  above  and  below  the  maximum  of  apparent  conden* 
sation,  and  substituting  this  value  of  t  in  a,  there  will  arise 

A^  =  (a  -  k)t'  -f-  bT'^+  CT^ 

.  The  first  line  is  constant :  it  is  the  value  of  the  dilatation 
^^  at  the  epoch  of  the  maximum  of  condensation;  we  shall 
represent  it  by  A^ .  The  second  line  has  every  line  multi- 
plied by  the  first  power  of  ^;  so  that  the  factor,  of  ^  is 
«— K+26i''-f  3ct'*  ;  and  this  &ctor  vanishes  entirely,  since  t* 
is  determined  preciselv  by  the  condition  of  rendermg  it  nor 
thing.  Thus,  when  the  re(]uisite  reductions  are  made,  ihe 
expression  for  A,  will  become, 

We  have  seen  that  the  co-efiicient  c  is  veiy  small ;  for  we 
have  c  ==  -0  00000002708.    Consequently,  if  the  comparison 
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of  (he  temperatures  be  extended  to  i:  SO^R.  there  will  result 

c^=4:  0'0002166; 

so  that  this  term  cannot  produce  an  irregularity  of  more  than 
about  t^sVtt  P^rt  of  the  total  volume  of  watel*  at  0° ;  and  if  we 
take  ^=  ±10°R.  it  will  be  ei^Jit  times  less,  or  .^^;^^^  part  of 
the  primitive  volume.  Thus,  it  is  evident,  that  unless  the  ex- 
periments have  a  mathematical  preciuon,  the  eSect  of  the  term' 
that  contains  i^  cannot  be  perceived.  Neglecting  it,  therefore, 
die  value  of  A^  is  reduced  to 

A,=a,'+(6+3ct')^; 

and  this  manifestly  remains  the  same  at  equal  values  of  t  whe- 
ther positive  or  negative ;  which  is  the  veiy  property  observed 
by  Mr.  Dalton.   • 

The  same  able  philosopher  has  also  observed  the  Quantity 
by  which  the  water  is  sudaenly  depressed  in  vessels  of  aifferent 
substances,  when  they  are  immersra  in  heated  liquid.  He  found 
that  this  quantity  was  di£Perent,  according  to  the  nature  of  the 
vessel,  and  so  much  the  greater,  as  it  is  made  of  a  more  expan- 
sible substance.  Whence  he  naturally  concluded  that  this  sud- 
den depression  is  occasioned  by  the  dilatation  of  the  metal,  which, 
tropagating  heat  more  rapidly  than  water,  becomes  hotted 
efore  it  and  dilates  first.  What  manifests  this  still  better,  is 
that  the  quantities  of  the  depression  given  by  Mr.  Dalton  are 
very  nearly  proportional  to  the  cubic  dilatations  of  the  sub- 
stances of  which  the  vessels  were  made.  The  vessel  of  pewter 
seemed  alone  to  present  an  exception.  But,  if  the  deviation 
is  not  to  be  ascribed  to  an  error  of  the  press,  it  may  arise  from 
the  extreme  difficulty  that  attends  the  making  of  such  delicate 
experiments,  and  of  measuring  the  sudden  depression  of  the 
water,  before  it  had  acquired  any  sensible  augmentation  of 
heat. 

17.  These  researches  into  the  dilatation  of  liquids  arc  ter- 
minated by  pointing  out  a  process  which  results  from  them, 
(and  which  appears  both  simple  arid  exact)  for  measuring 
the  differences  in  the  dilatations  of  solid  bodies.  It  con- 
sists in  observing  the  apparent  dilatation  of  a  liquid,  mer- 
cury for  exampfe,  in  vessels  made  of  the  substances  whose 
expansions  we  wish  to  ascertain,  and  in  observing  it  always 
between  constant  temperatures,  between  0°  and  80°R.  for 
instance.  This  apparent  dilatation  may  be  observed  very  early, 
with  all  desirable  precision.  When  it  becomes  known  for 
vessels  formed  of  a  substance  whose  cubic  dilatation  is  k,  we' 
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shall  have  betwen  the  true  and  apparvht  dilatatian, /^,  and 

j^  the  equation 

A,(1+kt6=^,-kt: 
this  gives  ( 1  +  A Jtk = ^t — A^. 

For  another  kind  of  vessel  subjected  to  the  same  temperaturesy 
we  shall  have,  in  like  manner^ 

$  remaining  the  same  because  the  same  liquid  is  employed  all 
along.  Taking  one  of  these  equations  from  the  other  ^x  will 
be  made  to  disappear,  and  there  will  remain 

whence  we  have 


'  In  the  actual  state  of  physics,  the  dilatations  <^  die  nvetals 
are  known  with  sufficient  exactness  to  enable  lis  lo  employ 
them  in  computing  the  small  correction  dependent  on  k  in  the 
second  member  in  the  preceding  equation ;  then,  by  putting  for 

A  ,  A*,  and  T,  their  values  observed ;  k'  —  k  will  become 

known.  The  accuracy  of  these  values  will  be  so  much  the 
greater,  as  A  #aiid  A'  are  inferred  from  larger  volumes.;  and 

T  J 

• 

thus,  also,  it  will  be  with,  respect  to  the  difference  k'  —  k  of  the 
Qubic  dilatations  determined  by  that  equation.  Perhaps,  in 
operating  on  the  most  dilatable  metals,  it  will  be  necessary 
to  retain  the  term  proportional  to  k^x^,  which  was  n^lected 
at.  the  commencement  of  this  paper*  It  is  by  farther  experl- 
ment  we  must  ascertain  whether  it  will  become  perceptible. 

To  obtain  the  absolute  values  of  K  and  k'  by  the  same  pro- 
cedure, the  true  dilatation  I  ,  must  be  known  for  the  liquid 

anployed  in  the  experiments.  This  may  be  ascertained  by 
observing  that  dilatation  m  a  non-dilatable  vessel ;  and  it  is 
easy  to  construct  one  which  shall  possess  that  properly,  that  is 
to  say,  which  shall  include  the  principle  of  setf^^oinpensatipn, 
when  thedifierence  of  dikitation  in  the  metals  is  known. 
'  M.  Biot  thinks  this  pocess  will  furnish  a  simple  and  exact 
method  (^  comparing  tne  progress  of  the  dilatation  of  miercury- 
widi  that  of  meCals ;  which  is  now  the  only  thing  remaining  to 
be  done  in  order  to  refer  all  the  dilatations  to  tne  air  thermo-^ 
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meter,  the  most  perfect  of  all :  for,  as  to  the  absolutier  ditacations^ 
of  metals^  they  now  appear  perfectly  known  by  means  of  the 
experiments  of  LaToisier  and  Laplace. 

Adopting  them  we  possess  the  means  of  computing  the  true 
mutations  of  Kquids,  when  we  know  their  apparent  oilatations 
in  vessels  of  known  nature.  To  determine  the  law  of  these 
latter,  relatively  to  a  given  liquid,  we  must  commence  by  con-> 
structing  a  thermometer  freed  from  air,  and  compare  it  earefut' 
ly  with  the  mercurial  thermometer.  The  co-efficients  a,  b,  c, 
must  be  determined  from  three  of  those  observations,  and  we 
must  see  whether  all  the  others  are  comprehended  in  the  same 
law.  It  will  only  remain  to  determine  a  single  value  of  the 
absolute  dilatation  between  two  known  temperatures,  which 
will  be  easily  effected  by  means  of  the  weights ;  and  with  these 
data  the  computation  will  make  known  U\e  true  or  apparent 
volume  of  the  liquid  at  any  temperature  whatever* 

Addition  to  the  preceding  paper. — The  relations  established 
in  the  foregoing  paper,  between  the  dilatations  of  several  liquids 
and  the  degrees  of  the  mercurial  thermometer,  are  independent 
of  all  hypothesis.  It  is  sufficient  that  we  can  determine  by  com- 
putation the  volume  of  each  of  such  liquids  at  a  temperature 
^ven  by  the  thermometer ;  or,  reciprocally,  that  we  can  com- 
pute the  temperature,  the  volume  being  given. 

The  apparent  dilatation  of  mercury  in  glass  is  taken,  here, 
for  a  standard  to  which  all  the  others  are  referred.  We  might 
similarly  have  referred  the  variable  volume  to  all  other  dila* 
tations ;  its  absolute  values  would  then  remain  the  same,  but 
the  form  of  the  function  which  expresses  it  woiild  change. 
This  is  precisely  what  has  been  done  by  Mr.  Dalton  in  his 
^^  Chemical  Philosophy.'^  That  able  pmlosopher  having  re- 
marked that  the  dilatations  of  water  increased  very  nearly  as 
the  squares  of  the  temperatures  reckoning  frpm  the  maximum 
of  condensation,  has  concluded  that  it  ought  to  be  the  same 
for  all  liquids  whose  composition  remains  constant  during 
their  change  of  volume ;  and  that  if  the  same  law  of  the  squares 
was  not  strictly  observed  for  water,  it  was  because  the  progress 
of  the  mercurial  thermometer  was  not  exactly  proportional  to 
the  heat.  He  has  conceived  the  notion  of  substituting  for  this 
latter  thermometer  an  ideal  thermometer,  which  shau  be  pos- 
sessed of  this  property,  such  as  we  might  imagine  to  be  the 
case,  for  example,  in  a  thermometer  of  am  He  has  supposed 
that  the  dilatations  of  the  mercury,  expressed  in  functions  of 
the  ideal  thermometer,  ought  equally  to  observe  the  law  of  the 
squares,  reckoning  from  the  point  of  congelation  ;  and  he  has 
thought  that,  on  calculating  in  like  manner  the  dilatations  o^ 
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all  the  other  liquids  on  this  ideal  thermometer^  d^y  will  ril  be 
found  to  conform  to  the  same  law. 

This  hypothesis  gives  immediately  the  form  of  the  function 
which  should  express  the  correspondence  between  the  mercurial 
and  the  ideal  thermometer.  Conceive  both  thermometers  ad-^ 
justed  to  the  extreme  points  of  melting  ice  and  boiling  water; 
conceive,  moreover,  that  in  both  of  them  the  interval  between 
these  points  is  divided  into  80  parts,  as  in  the  thermometer  of 
De  Luc.  Then,  if  both  instruments  be  immersed  in  the  same 
liquid,  the  first  indicating  t  degrees,  the  second  t ;  the  relation 
of  T  to  ^,  according  to  the  hypothesis,  will  be  necessarily  of  this 
form. 

Since  it  is  necessary  that  there  be  a  maxifnmn,  reckoning 
from  which  it  shall  vary  as  the  squares  of  the  temperatures  ; 
let  {t)  be  tlie  true  temperature  of  that  maximum,  we  shall  then 
have 

T  40,  or  of  +  Sy  (0  =  0. 

But,  since  this  ought  to  answer  to  the  point  of  congelation  of 
mercury,  for  which  we  have  t  =  —  32^fe.  we  shall  have 

The  first  of  these  equations  gives  {t)  =  —  ^ :   substituting 

this  value  in  the  second,  it  becomes 

82=-46r,ory=-j23-. 

Now,  it  is  necessary  that  the  two  thermometers,  which  before 
coincided  at  0  ^,  coincided  also  at  80  °.  In  order  to  this  we  m  ust 
have  simultaneously  T  =  +  80**,  and  ^  =  4-80**,  which  gives 
the  condition 

a'  +  80y  =  1: 

this,  joined  to  the  preceding,  determines  ci  and  V ;  thus  they  are 
found  to  be,  very  nearly, 

184 


a'=.i?!,y  = 


264  264 


There  is  another  value  of  a',  but  it  is  not  admissible,  because 
it  would  cause  t  to  diminish  while  t  augments.  Substituting, 
then,  the  above  values  in  the  general  equation  for  t,  it  becomes 


264        ^264 


This  formula  exhibits  the  correspondence  of  the  mercurial 
thermometer  with  the  ideal  thermometer,  as  it  results  from  Mr. 
Dalton^s  hypothesis.     In  fact,  the  results  which  we  have  de- 
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deduoed  from  it  are  conforma|ple  to  those  which  this  able  phi- 
losopher has  given  in  his  new  tables  of  temperature,  pa.  14. 
The  first  column  of  the  table  contains  the  number  of  aegrees 
indicated  by  the  ideal  thermometer  :  Mr.  Dalton  calls  them 
true  temperaiures.  The  values  of  t  which  correspond  to  them 
form  the  third  column  of  the  table;  the  degrees  being  all  along 
expressed  in  the  division  of  Fahrenheit,  instead  of  that  of 
Reaumur,  which  we  have  adopted  in  this  paper.  The  next  co- 
lumn presents  the  same  degrees  t  a&cted  bv  the  expansion  of 
glass.  The  point  on  the  thermometric  scale  between  0^  and 
80%  where  t  differs  most  from  ^  answers  to  ^  =  40°,  which 
gives  T  =34°;  the  difference  is  6°  by  which  ^exceeds  t  at 
that  period.  Mr.  Dalton  finds  5°*3  for  this  difference ;  pro- 
bably because  of  the  minute  fractions  which  we  have  neglected 
when  resolving  the  equation  for  a'  by  approximation ;  and  per- 
haps, also,  because  Mr.  Dalton  has  conducted  his  computations 
differently,  though  on  the  same  principles. 

This  hypothesis  being  now  reduced  to  its  simplest  terms,  >  a 
reflection  naturally  presents  itself;  which  is,  thatconsidered  only 
ill  itself,  it  is  extremely  improbable,  since  it  assigns  necessarily 
to  mercury  and  to  all  liquids  a  maximum  of  true  condensation, 
fixed  at  their  point  of  congelation.  In  truth,  the  mere  mathe- 
matical enunciation  of  this  hypothesis  leads  at  once,  for  mer- 
cury, to  an  expression  of  the  form 

T=aft  +  l/^; 

where  t  has  necessarily  a  minimum  when 

For,  if  we  make  t  =  —  -^  +^  t  which  amounts  to  the  same 
as  reckoning  th6  temperatures  ^  from  the  point  when  t  = 

whence  it  is  evident  that  "the  values  of  t  are  the  smallest  pos- 
sible when  t'  is  nothing,  and  go  on  augmenting  firom  that  term, 
at  least  if  V  be  positive.  With  regard  to  mercury,  for  example, 
we  shall  have 

and  consequently  t  =  —  32  +  ^*r^^ 

■   Thus,  according  to  Mr.  Daltoii^  hypothesis,  the  common 
mercurial  thermometer  can  never  desc^id  lower  than  82°  R. 
below  zero,  which  is  the  point  of  congelation  of  that  liquid. 
VOL.  n.  ^  ^ 
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But  this  is  alto^th^r  contrary  to  experience ;  fcr  it  is  ftnowff 
that  all  the  liquids  hitherto  observed  may,  mth  certain  precau^ 
tions,  be  cooled  below  their  point  of  congelation  without  be- 
coming solid,  and  then,  so  long  as  they  remain  liquid,  they  will 
condnue  to  conform  to  their  respective  law  of  dilatation.    It  is 
thus  that  water^  for  example,  dilates  by  quantities  equal  as  to 
sense,  reckoning  dther  j^ay  from  its  maximum  of  density,  to  at 
least  lO^it.  ascending  or  descending.   In  like  manner,  olive  oily^ 
which  congeals  in  open  air,  at  a  temperature  by  no  means  low, 
may  be  co^ed  far  below  that  pcMut^  nay  even  to  H^'R.  below  0, 
witmnt  ceasing  to  be  liquid,  as  is  proved  by  the  experiments  of 
De  Luc ;  and  in  that  state  it  continues  to  contract,  according  to 
the  taw  which  it  followed  in  the  rest  of  the  thermometric  scide  ^ 
since,  as  we  have  shown  (§  1  •)  that  law  does  not  permit  a  maxi- 
mum of  condensation.     It  is  the  same  with  respect  to  mermnf^ 
as^is  ^ved  by  the  disquiation  of  Mr.  Caven£i»i  on  Hutchins^s 
experiments  at  Hudson^s  Bay.^    For  it  results  from  that  disqui- 
sition that  mercury,  as  well  as  other  liquids,  may  be  cooled 
bdow  its  poiftt  of  fudon  without  becoming  solid,  that  this  fre- 
quently happened  in  the  experiments  of  Mr.  Hutchins,  and  that 
when  it  has  happened,  the  mercury,  so  long  as  it  remmned  fluid, 
continued  to  contract  progressively  to  the  moment  of  its  solidi^ 
fieaition,  when  it  contract^  all  at  once  in  a  prop(»iion  much 
more  considerable  *.     All  these  results  are  contrary  to  the  idea 
of  such  a  law  of  dilatation  as  is  supposed  by  Mr.  Jjalton  ;  and 
the  same  contradictifm  will  silbsist  in  reference  to  all  liquors 
which  contract  progressively  down  to  the  instant  of  their  solidi- 
fication. 

If,  notwithstanding  these  physical  contradictions,  we  would 
verify  the  hypodiesis  of  Mr.  iMtou  even  bjr  the  experiments 
made  in  reference  to  the  dilatation  of  water,  which  is  the  prin- 
cipal obgect  he  had  in  view,  we  shall  find  that  it  agrees  with  it 
much  less  exactly  than  the  empyrical  laW  deduced  from  the 
thermometrical  observations;  which  is  very  natural,  since  these 
observations  have  offered  to  us  an  extremely  delicate  proof  on 
which  our  foi^iila^  are moulded.  All  aJong  we  coneeive  that » 
slkht  chanfl^  of  the  thermometric  scale,  such  as  that  which  re^ 
suits  from  iJalton's  hypothesis  between  0  and  86'',  cannot  pro- 
duce  a  very  considerable  effect  on  a  liquid  which  dilates  so 
little  as  water ;  and  so  much  the  more  as  Mr.  Dalton  has  com- 
pensated in  part  the  excess  of  his  scale  of  true  temperatures  by 
the  excess  of  true  temperature  which  he  ascribes  to  the  maximum 
of  condensation.  But  the  error  may  become  greater  in  propor- 
tion as  we  apply  that  scsde  to  other  liquids  of  which  the  expan- 

•  Phil.  TrMW,  vol.  UxUi.  p,  303,  Ncir  AbridgmcDt,  toI.  xv.  p,  420. 
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stQQ  is  eomparatively  greater,  alcohol^  ftnr  example,  and  this,  in 
fact,  bas  occurred.  Mr.  Dalton  himself  has  acknowledged  that* 
the  law  of  dilatation  deduced  from  his  hypothesis  aoes  not 
accord  with  the  thermometrical  observations  of  De  Luc,  espe- 
cially at  high  tempei*atures.  Struck  with  this  discordance,  be 
has  been  led  to  throw  some  doubts  on  those  observations  them* 
sdives  :  ^  for,  (says  he)  as  the  dilatation  of  alcohol  from  6^^  to 
80^  H.  rfiust  have  been  conjectural,  it  may  be  thatDe  Luc  hw 
exaggerated  it.'^  But  the  observations  of  De  Luc,  and  of  many 
other  philosophers,  have  Icmgago  shown,  that  when  a  liquid  is 
induded  in  a  vacuum,  it  may  support  without  boiling  temper^ 
atures  much  superic^to  those  at  which  it  boils  under  the  pres^ 
sure  of  common  atmospheric  air ;  and  Mr.  Dalton''s  theory  of 
the  formation  of  vapours,  assigns  an  obvious  reason  for  this 
fact.  There  have  also  been  long  made  tliermometers  of  alcohol, 
purged  of  air,  which  sustain  penaetly  the  temperature  of  boilina 
water.  It  appears  fbom  our  ibrmulse  that  the  dilatation  of  al- 
cohol between  these  extreme  limits,  so  far  from  beinff  irregular 
and  capricioiis,  continnes  to  be  conformable  to  itself,  ana  con* 
fi:»rms  to  the  same  law  at  the  temperature  of  boiling  water,  and 
at  10  ^  R .  bdow  zero.  Only,  as  this  dilatation  is  not  proportional 
to  that  of  meveuFjr,  it  is  manifest  that  its  absolute  value  is  not 
the  same  in  the  different  parts  of  the  thermometric  scale,  for 
the  same  number  of  degrees.  This  is  found  confirmed  in  the 
most  striking  manner,  by  means  of  an  observation  of  tlie  sb-;* 
solute  dilatation  of  alcohol,  made  by  Mr.  Palton  himself  in  a 
glass  vessel,  between  ^W.^S  R.  and  +  e^'^.^R.  comprehend- 
mg  an  interval  of  80^.  The  dilatation  in  this  interval  ought 
not  to  be  the  same  as  from  0  to  80^.  Calcolating  by  our  for- 
mula, we  find 

From  0  to  -  J7-18»  true  dilatation  -0-0209325 

From  0  to  -f62'2^,  true  dilatation  +00919566 

Difference,  or  total  dilatation  betweeen  — 17*78 

and  +  62-22     .     .     .     ^ +0-112889} 

Prom  which  deducting  the  dilatation  of  glass  . 

-80  k  .  •  .  .  .     0-00:26272 


We  have  the  apparent  dilatation  between  the 

sameUmits         ......         0-1102619 

The  value  found  experimentally  by  Mr,  Dal- 
ton is         0-110 

This  agrees  precisely  with  the  computation  so  far  as  the  deci- 
mals, in  uie  experimented  number,  serve  for  the  comparison: 
This  confirmation  of  the  formula  is  so  much  the  more  satis- 
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factory,  as  their  determination  was  independent  of  all  obsenro^ 
tiotis  below  zero. 

Mr.  Dalton^s  work  likewise  contains  a  confirmation  of  the 
value  attributed  by  Biot  to  the  absolute  dilatation  of  water  be- 
tween the  temperatures  of  0  and  80°  R.  For,  from  experiment, 
he  assigns  it  at  0*0466,  precisely  the  same  as  has  been  inferred 
by  Biot  from  the  thermometrical  observations  of  De  Luc,  com- 
bined with  a  single  determination  of  the  specific  gravity  of  water 
at  the  temperature  of  30°.S2  by  Gilpin  and  Blagden. 
.  M.  Laplace,  whose  views  in  relation  to  physical  subjects 
are  always  as  ingenious  as  extensive  and  profound,  undertook  to 
investigate  whether  it  were  or  were  not  possible  to  make  the 
term  depending  on  the  cubes  of  the  temperatures  disappear, 
by  referring  all  the  dilatations  to  an  ideal  thermometer,  in 
functions  of  which  even  that  of  mercury  should  be  expressed 
in  the  same  manner  by  a  simple  law  of  the  squares,  reckoning 
for  each  liquid  from  a  different  point.  But  he  has  assured  M« 
Biot  that  tne  requisite  accuracy  cannot  be  generally  acquired 
in  this  way,  at  least  with  the  coefficients  he  has  deduced.  For 
their  signs  as  well  as  their  values  changed  for  the  different 
liquids,  in  such  manner  that  it  is  impossible  to  make  the  term 
which  depends  on  the  cube  of  the  temperature  disappear  in  all 
these  liquids,  bv  a  single  supposition  for  the  dilatation  of  mercury 
in  functions  of  the  ideal  tnermometer.  PeAaps,  more  exact 
experiments  than  those  made  use  of  by  M.  Biot  may  sometime 
lead  to  the  discovery  of  a  more  simple  law  ;  but,  till  then,  the 
formulae  exhibited  in  this  paper  will  suffice  for  the  ordinary 
purposes  of  observers.  See,  also,  on  these  subjects,  Bland's 
JJudrQ9taticSf  §  viii. 

THRASHING  machines,  in  a  country  like  ours,  where 
agriculture  has  been  so  successfully  cultivated,  can  hardly  be 
denied  to  be  of  great  utility :  for  which  reason,  although  these 
machines  are  not  yet  brought  to  such  a  state  of  perfection  as  is 
to  be  wished,  we  conceive  it  will  not  be  improper  to  give  an 
account  of  some  of  the  most  ingenious. 

The  first  thrashing-machine  which  has  come  to  our  know- 
ledjre  is  that  manufactured  in  1732,  by  Mr.  Michael  Menzies  of 
Edinburgh ;  it  consisted,  as  far  as  we  have  been  able  to  ascer- 
tain, of  numerous  instruments  resembling  flails,  which  were 
attached  to  a  moveable  beam,  and  inclined  to  the  latter  in  an 
angle  often  degrees.  On  each  side  of  such  beam  were  placed 
floors,  or  benches,  oh  which  the  sheaves  were  spread ;  the  flails 
bein^  moved  forward  and  backward  on  these  benches  by  a 
crank  that  was  fixed  to  the  end  of  an  axle,  revolving  about 
thirty  times  in  a  minute. 

The  second  machine  was  invented  in  1753  by  Mr.  Michael 
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Sterling  oFDumblane,  Perthshire :  his  first  models  were  very 
imperfect ;  but^  after  repeated  alterations,  he  completed  it,  in 
its  present  form,  in  1758 ;  and  it  now  consists  of  an  outer,  or 
water-wheel,  having  an  inner  wheel,  furnished  with  forty-eight 
cogs,  and  turning  on  the  same  axle.  With  this  cog-wheel  is 
connected  a  vertical  trundle,  or  pinion,  with  seven  notches ; 
and  the  axle  of  which  passes  through  a  floor  above  the  wheel ; 
its  upper  pivot  being  secured  in  a  beam  six  inches  above  the 
floor.  At  the  height  of  three  feet  three  inches  from  the  latter, 
two  straight  pieces  of  squared  wood  (each  being  four  feet  in 
length)  are  inserted  through  the  axle  of  the  pinion,  at  right 
angles,  so  as  to  form  four  arms  that  are  moved  round  horizon- 
tally. To  the  end  of  these  arms  are  afiixed  four  iron  plates, 
each  twenty  inches  in  length,  and  eight  inches  in  breadth  at  the 
extremity  nearest  to  the  arms,  but  tapering  to  a  point  at  the 
opposite  ends. 

The  horizontal  fly,  here  described,  constitutes  four  thrashers, 
and  is  inclosed  in  a  cylindrical  wooden  box,  that  is  three  and  a 
half  feet  high,  and  eight  feet  in  diameter :  on  the  top  of  this 
box  is  an  opening  eight  inches  in  width,  extending  a  foot  and 
a  half  from  the  circumference  to  its  centre,  and  through  which 
the  sheaves  of  corn  descend ;  the  latter  being  previously  opened, 
and  laid  separately  on  a  board  provided  with  two  ledges  gra- 
dually  declining  towards  such  port,  or  opening.  Within  the 
cylindrical  box  there  is  an  inclined  plane,  aiong  which  the 
straw  and  grain  fall  into  a  wire-riddle  two  feet  square,  that  is 
placed  immediately  beneath  a  hole  of  a  similar  size :  the  riddle 
is  jerked  at  each  revolution  of  the  spindle,  by  means  of  a  knob 
fixed  on  its  side ;  and  is  thrust  backward  by  a  small  spring  that 
presses  it  in  a  contrary  direction.  Thus,  the  short  straw,  to- 
gether with  the  grain  and  chafi*,  that  pass  through  the  wide 
riddle,  fall  instantly  into  an  oblong  straight  riddle,  one  end  of 
wbich  is  raised,  and  the  other  depressec^  by  a  similar  contri- 
vance. And,  as  the  riddle  last  mentioned  is  not  provided  with 
a  ledge  at  the  lower  end,  the  long  chaff,  which  cannot  pass 
through,  drops  thence  to  the  ground,  while  the  grain  and 
smaller  chaff  descend  into  a  pair  of  common  barn-fanners,  and 
are  thus  separated  with  great  exactness.  These  fanners  are 
moved  by  means  of  a  rope,  that  runs  in  a  shallow  groove  cut 
on  the  circumference  of  the  cog-wheel.  In  the  meantime,  the 
straw  collected  in  the  lower  part  of  the  box  over  the  wide 
riddle,  and  through  an  opening  two  feet  and  a  half  square,  is 
drawn  down  to  the  ground  with  a  rake,  by  the  persons  em- 
ployed to  form  it  into  trusses. 

In  1778,  another  thrashing-machine  was  invented  by  Mr, 
AlderUm  of  Alnwick,  and  Mr.  Smoirt  of  Wark,  Northumber- 
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hind.  The  operation  was  performed  by  robbing :  die  sheaveB 
being  carried  nound  be^eoa  an  indented  drnm  six  feet  in  dia^i- 
laieter,and  nutnerons  indented  rollers,  that  werearran^ed  roand, 
and  attaehed  to,  this  drum  by  means  of  springs ;  so  that  during 
the  revolution  of  the  machinery,  the  corn  was  separated  firom 
the  straw  by  constant  friction  against  the  flutings  of  the  drum* 
Sttt  this  contrivance  was  soon  disused;  as  many  grains  were 
thus  crashed  between  the  rollers. 

The  next  invention  is  that  of  Mr.  Andrew  Meikle^  in  lT8ft, 
ivho  obtained  a  patent,  which  is  now  expired ;  we  have  there* 
fore  given  a  plate  (XXXIV),  representing  in  fig.  1.  the  plan 
of  elevation  ;  in  fig.  ^.  the  ground  plan;  and  in  fig,  3.  the  es- 
sential parts  of  the  machinery,  so  as  to  convey  a  tolerably  ao- 
curate  idea  of  his  principle* 

A  (fig.  1.  and  2.)  is  a  large  horizontal  spur-wheels  which  has 
276  cogs,  and  moves  the  pinion  b,  having  lourteen  teeth.  The 
latter  imparts  motion  to  a  crown-wheel,  c,  th^  is  provided  with 
eighty-four  cogs,  and  moves  a  second  pinion,  n,  which  is  fur- 
nished with  sixteen  teeth.  This  pinion  n  turns  the  drum  hirx. 
(fig.  1 .  S.  and  S.),  being  a  hollow  cylinder,  three  feet  and  a  half 
in  diameter,  and  ^aeed  horizontally :  on  its  outside  are  fixed, 
bv  meatis  of  screw-bolts,  four  scutchers^  or  pieces  of  wood,  one 
sule  of  which  is  faced  with  a  thin  iron  plate ;  and  which  are 
dispoised  at  an  equal  distance  from  each  other,  and  at  right 
luigles  to  the  a^is  of  the  drum. 

p  (fig.  @.  and  B.)  is  an  inclined  board,  oti  ^hich  the  sheaves 
are  spnead^  iind  Mrhence  they  arfe  introduced  between  two  fluted 
toast  iron  rollers,  o,  o  (fig.  3.),  that  are  three  and  a  half  inches 
iti  diameter^  and  retolve  about  thirty>five  times  in  one  minute. 
These  rollers  being  only  thre&-:foarths  of  an  inch  from  the 
scutthers  or  leaves  of  the  drum  niitL  (fig.  1.  asid  2.),  tenr^  to 
keep  the  sheaves  steady,  while  the  scutdiers  «,  b,,  c,  d,  (fig.  2. 
and  3.)  move  with  considerable  velocity,  and  thus  separate  the 
grun  from  the  straws  while  both  are  thrown  on  the  concave 
rack  M  (fig.  2.),  which  lies  horizontally  with  slender  paralld 
ribs ;  so  l£at  the  toorn  may  pass  through  them  into  the  subja^ 
ceiit  hopper  k  (fig*  1.  and  3.). 

o  (fig.  3^)  is  a  riddle  or  harp,  through  which  the  com  drops 
into  a  pair  of  fanners,  t»  (fig.  L  and  3.),  atid  from  tiiese  it  is 
generally  obtained  in  a  state  fit  for  the  market. 

QRTs  is  a  rake,  consisting  of  four  leaves,  or  thin  pieces  of 
wood ;  at  the  extremity  rfeach  Is  placed  a  row  of  teeth,  e^/i 
gj  A,  that  ahe  five  inches  long.  Thh  rake  moves  in  the  con- 
cave rack  M,  (fig.  2.),  in  a  circular  direction ;  while  the  teeUi 
catch  the  straw  that  had  been  thrown  by  the  scutchers  a,  b,  c,  d, 
into  the  rack,  and  remove  it  to  the  contiguous  plao^  v. 
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if  (%.i.}  represents  the  horse's  coarse^  wbich  is  tw<»i^. 
seren  feet  in  diameter. 

X  (%.  1.  and  2.)  is  the  pillar  for  supporting  the  beams  on 
^hich  me  axle  of  the  spur-wheel  is  fixed. 

Y,  Y,  Y  (figf.  1  .\  and  Y,  Y  (fig.  2.)y  sho^  the  »>indtes,  the 
desim  of  which  is  to  move  the  two  fluted  rollers,  tbe  rake,  aiid 
the  fanners. 

To  thef  description  now  given  we  have  only  to  add,  that  the 
drum  has  a  covering  of  wood  at  a  small  distance  above  it,  for 
thepurpose  of  keepuig  the  sheaves  close  to  the  scutchers. 

The  number  of  persons  requisite  for  attending  the  mill  when 
working  is  six :  one  person  drives  the  horses ;  a  second  hands 
the  sheaves  to  a  third  who  unties  them,  while  a  fourth  spreads 
them  on  the  inclined  boards^  and  presses  them  gently  between 
die  rollers :  a  fifth  person  is  necessary  to  riddle  the  corn  as  it 
falls  from  the  fimners,  and  a  sixth  to  remove  the  straw* 

This  machine  can  be  moved  equally  well  by  water,  wind,  or 
horses.  Mr.  Meikle  has  made  such  improvements  on  the  wind- 
mill as  to  render  it  much  more  manageable  and  convenient  than 
formerly ;  and  we  are  informed  many  wind-mills  are  now  erect- 
ing in  different  parts  of  the  country.  As.  to  the  comparative 
expense  of  these  different  machines,  the  erection  of  the  horse- 
madiine  is  least ;  but  then  the  expense  of  employing  hoi*ses 
must  be  taken  into  consideration.  One  of  this  kind  may  be 
erected  for  707.  A  water-mill  will  cost  10/.  more,  on  account 
of  the  expoise  of  the  water-wheel.  A  wind«mill  will  cost  from 
200/.  to  300/.  sterling. 

In  thrashing-machines,  however,  cheapness  should  not  be 
the  only  consideration.  It  often  happais  in  machinery,  that 
things  apparently  cheap  are  ultimateiv  very  dear.  Thrashing 
of  com  requires  a  strong  power,  which  neither  weak  men  nor 
slight  machines  are  competent  to.  On  this  account,  strong  and 
durable  machines  are  to  be  recommended  as  cheapest  m  the 
end ;  performing  more  work,  in  a  better  manner,  and  not  need- 
ing frequent  repairs. 

Some  other  well-constructed  thrashing-machines  are  described 
in  Gray'*s  Experienced  Millwright,  Bailey's  Descriptions  ol 
Machines  approved  by  the  Society  of  Arts,  in  the  Repertory 
of  Arts  and  Manufactures,  the  2d  vol.  of  Dr.  Brewster^s 
Ferguson,  and  the  1 1th  vol.  of  the  Pantolo^a. 

With  respect  to  the  quantity  of  corn  which  a  machine  will 
dirash  in  a  ^ven  tim^  it  is  not  easy  to  give  any  precise  infor- 
mation; the  most  important  we  have  yet  met  with  is  ^ven  by 
Mr.  Fenwick,  who  found  fix)m  numerous  experiments  that  «t 

(power  capable  of  raising  a  weight  of  1000  pounds  with  a  uni- 
brm  velocity  of  fifteen  feet  per  minute,  will  thrash  two  boHiS 
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{mf^t  bushels)  of  wbeftt  in  an  hour ;  luid  that  a  power  suffident 
ta  raise  the  same  weight  with  a  velocity  of  twei>ty-two  feet  per 
minute  \^ill  thraih  three  bolls  of  the  same  grain  in  an  hour. 
From  these  facts^  this  ffentlemaii  has  computed  the  following 
table,  whith  is  appUcabk  to  machines  that  are  driven  either  by 
water  or  horses. 

Tab^e  nf  the  power  ofthroiking^mdchines* 


Galloni  of 

Gallons  of 

Gallons  of 

water  per 

water  per 

water  per 

miouU,  ale- 

minute,  ale- 

minute^  ale. 

BoUsof 

Bolls  thrash- 

measure, 

measure, 

measure. 

Number 

wheat 

ed  in  9t 

discharged 

discliarged 

discharged 

of  hor  ses 

thrashed 

hours  actual 

on  an  over- 

on  an  over- 

on an  over 

working 

in  an 

working,  or, 

•hot  wheel 

shot  wheel 

shot  wheel 

94  hours. 

hour. 

in  a  day. 

10  feet  in 

15  feet  in 

20  feet  in 

diameter. 

diameter. 

diameter. 

280 

160 

180 

1 

2 

19 

390 

296 

205 

2 

3 

281 

528 

380 

272 

3 

5 

474: 

660 

470 

340 

4 

7 

eei 

790 

565 

400 

5 

9 

854 

970 

680 

500 

6 

10 

95 

1 

2 

3 

4 

5 

6 

The  first  four  columns  of  the  preceding  table  contain  dif- 
ferent quantiUes  of  impelling  power,  and  the  last  two  exhibit 
the  number  of  bolls  of  wheat  in  Winchester  measure  which 
such  powers  are  capable  of  thrashing  in  an  hour^  or  in  a  day. 
Six  horses,  for  example,  are  capable  of  thrashing  ten  bolls 
of  wheat  in  an  hour,  or  ninety-five  in  the  space  of  nine  hours 
and  a  half,  or  a  working  day ;  and  680  gallons  of  water  dis- 
charged into  the  buckets  of  an  overshot  water-wheel  of  15  feet 
diameter  during  a  minute  will  thrash  the  same  quantity  of 
grain. 

TIDE-MILLS,  as  their  name  imports,  are  such  as  employ 
for  their  first  mover  the  flowing  ana  ebbing  tide,  either  in  the 
sea  or  a  river. 

Mills  of  this  kind  have  not  often,  we  believe,  been  erected  in 
England,  though  several  of  our  rivers,  and  particularly  the 
Thames,  the  Humber,  and  the  Severn,  in  which  the  tide  rises 
to  a  great  height,  furnish  a  very  powerful  mover  to  drive  any 
kind  of  machinery,  and  would  allow  of  tide-mills  being  very 
advantageously  constructed  upon  their  banks.     The  erection  of 


8udi  mills  is  not  to  be  tecommended  universally^  as  Uiot  are^at- 
tended  with  a  considerable  original  expense ;  besides  tnat  some 
of  their  parts  will  require  frequent  repairs :  but  in  some  places 
where  coals  are  very  dear  they  may^on  the  whole,  be  found  less 
expensive  than  steam-engines  to  perform  the  same  work,  and 
may  on  that  account  be  preferred  even  to  them. 

We  have  not  been  able  to  ascertain  who  was  the  first  con- 
triver of  a  tide-mill  in  this  country,  nor  at  what  time  one  was 
first  erected.  The  French  have  not  been  so  negligent  respecting 
the  origin  of  this  important  invention  as  to  let  it  drop  into  ob* 
scurit^ ;  but  have  taken  care  to  inform  us  that  such  mills  were 
used  m  France  early  in  the  last  century.  Belidor  mentions  the 
name  of  the  inventor,  at  the  same  time  that  he  states  some  pe- 
culiar advantages  of  this  species  of  machine.     ^^  Kon  en  at- 
tribue,"  says  he,  "  la  premiere  invention  k  un  nomm^  Perse, 
maitre  charpentier  de  Dunkerque,  qui  m^rite  assur^ment  beau- 
coup  d^61oge,  nV  ayant  point  de  gloire  plus  digne  d'un  bon 
citoyen,  que  celie  de  produire,  quelqu'  invention  utile  a  la  so- 
ci6t6.     £n  eSet,  combien  nVa-t-il  point  de  choses  essentielles 
a  la  vie,  dont  on  ne  connoit  le  prix  que  quand  on  en  est  priv6  ? 
Les  moulins  en  gen6ral  sont  dans  ce  cas-la.  On  doit  scavoirbon 
gr6  a  ceux  qui  nous  ont  mis  en  6tat  d''en  construire  par-tout : 
par  exemple  k  Calais,  comme  il  n'y  serpente  point  de  rivieres, 
on  iCy  a  point  fait  jusqulci  de  moulins  a  eau,  &  ceux  qui  vopt 
par  le  vent  chomant  un  partie  de  Tannic,  il  y  a  des  tems  ou  cette 
ville  se  trouve  sans  farine ;  &  fai  vu  la  garnison  en  1 730,  obligee 
de  faire  venir  du  pain  de  Samt-Omer,  au  lieu  qu'^en  se  servant 
du  flux  &  reflux  de  la  mer,  on  pourroit  construire  autant  de 
moulins  a  eau  que  Ton  voudroit :  il  y  a  d^autres  villes  dans  le 
voisinage  de  la  mer  sujettes  au  meme  inconvenient,  parce  qu^ 
apparement  elles  ignorent  le  moyen  d'y  rem6dier." 

Mills  to  be  worked  by  the  rising  and  falling  of  the  tide  admit 
of  great  variety  in  the  essential  parts  of  their  construction ;  but 
this  variety  may  perhaps  be  reduced  to  four  general  heads,  ac- 
cording to  the  manner  of  action  of  the  water-wheel.  1.  The 
water-wheel  may  turn  one  way  when  the  tide  rises,  and  the 
contrary  when  it  falls.  2.  The  water-wheel  maybe  made  to  turn 
always  in  one  direction.  3.  The  water-wheel  may  fall  and  rise 
as  the  tide  ebbs  and  flows.  4.  The  axle  of  the  water-wheel  may 
be  so  fixed  as  that  it  shall  neither  rise  nor  fall,  though  the  ro- 
tatory motion  shall  be  given  to  the  wheel,  while  at  one  time  it 
is  only  partly,  at  another  completelv,  immersed  in  the  fluid. 
In  the  mills  we  have  examined,  the  nrst  and  third  of  these  di- 
visions have  been  usually  exemplified  in  one  machine ;  and  the 
second  and  fourth  may  readily  be  united  in  another :  we  shall, 
therefore,  speak  of  them  under  two  divisions  only. 
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1 .  When  the  water-wheel  rises  tmdJhUSf  and  turns  one  weSjf 
lAih  the  rising  tide,  and  the  contrary/  when  it  ebbs.  In  order 
to  explain  the  nature  of  this  species  of  tide-mill,  we  shtdl  de- 
scribe one  which  has  been  erected  on  the  right  bank  of  the 
Thames  at  East  Greenwich,  under  the  direction  of  Mr.  John 
Lloyd,  an  ingenious  engineer,  of  Brewer's-green,  Westminster. 

This  mill  is  intended  to  grind  corw,  and  works  8  pairs  of 
stones.    The  side  of  the  mill-house  parallel  to  the  coarse  of  the 
river  measures  40  feet  within ;  and  as  the  whole  of  this  may  be 
opened  to  the  river  by  sluice-gates,  which  are  carried  down  to 
the  low  water-mark  in  the  river,  there  is  a  forty-feet  water-way 
to  the  mill :  through  this  water-way  the  water  passes  during  tlie 
rising  tide  into  a  large  reservoir,  which  occupies  about  4  acres 
of  land  :  and  beyond  this  reservoir  is  a  smaller  one,  in  which 
water  is  kept  for  the  purpose  of  being  let  out  occasionally  at 
low  water  to  cleanse  the  whole  works  irom  mud  and  sediment, 
which  would  otherwise  in  time  clog  the  machinery.       The 
water-wheel  has  its  axle  in  a  position  parallel  to  the  side  of  the 
river,  that  is,  parallel  to  the  sluice-gates  which  admit  water 
from  the  river :  the  length  of  this  wheel  is  ^6  feet,  its  diameter 
11  feet,  and  its  number  of  float-boards  3S.     These  boards  do 
not  eadi  run  on  in  one  plane  from  one  end  of  the  wheel  to  the 
other,  but  the  whole  length  of  the  wheel  is  divided  into  four 
equal  portions,  and  the  parts  of  the  float-boards  belonging  to 
each  of  these  portions  fall  gradually  one  lower  than  another, 
each  by  one-fourth  of  the  distance  from  one  board  to  another, 
measuring  on  the  circumference  of  the  wheel.    This  contri- 
vance, which  will  be  better  understood  by  referring  to  fig.  6. 
pi.  XXXV.  (showing  a  part  of  the  wheel),  is  intended  to  equal- 
ize the  action  of  the  water  upon  the  wheel,  and  prevent  its 
moving  by  jerks.     The  wheel,  with  its  incumbent  apparatui^ 
wrighs  alx>ut  20  tons,  the  whole  of  which  is  raised  by  the  im- 
pulse of  the  flowing  tide  when  admitted  through  tne  sluice- 
gates*   It  is  placed  m  the  middle  of  the  water-way,  leaving  a 
passage  on  each  side  of  about  6  feet  for  the  water  to  flow  into 
the  reservoir,  besides  that  which  in  its  motion  turns  the  wheel 
round.    Soon  after  the  tide  has  risen  to  the  highest  (which  at 
this  mill  is  often  20  feet  above  the  low  water-mark),  the  water 
is  permitted  to  run  back  again  from  the  reservoir  into  the  river, 
and  by  this  means  it  pves  a  rotatory  motion  to  the  water-wheel, 
in  a  contrary  direction  to  that  with  which  it  mored  when  im- 
pelled by  the  rising  tide :  the  contrivance  by  which  the  wheel  is 
raised  and  depressed,  and  that  by  which  the  whole  interior  mo- 
tions of  the  mill  are  preserved  in  the  same  direction,  although 
that  in  which  the  water-wheel  moves  is  changed,  are  so  truly 
ingenious  as  to  deserve  a  distinct  description,  illustrated  by  din^ 


grams;  Let^  then,  ab  (fig.  5.  pi.  XXXV.)  be  a  section  of  the 
trater-vheel,  1,  %  d,  4,  5)1  &c.  its  floats,  cb  the  first  cog-» 
wheel  upon  the  same  axis  as  the  water«whed  :  the  vertical  shaft 
PE  carries  the  two  equal  waliower-wheels  s  and  f,  which  are 
$o  ^tuated  on  the  shaft  that  one  or  other  of  them  may,  as  oc« 
casion  requires,  be  brought  to  be  driven  by  the  first  wneel  CD ; 
and  thus  (by  what  has  oeen  gaid  under  the  article  Reversing 
^ntations)  the  first  whed  acting  upon  F  and  s  at  points  dia< 
metrioillv  opposite,  will,  although  its  own  motion  is  reversed^ 
communicate  the  rotatory  motion  to  the  vertical  shaft  always  in 
the  same  direction.  In  the  figure  the  wheel  e  is  shown  in  gear^ 
while  F  is  clear  of  the  cog-^wneel  cD ;  and  at  the  turn  of  the 
tide  the  wheel y*  is  let  into  gear,  and  e  is  thrown  out:  this 
is  effected  by  the  lever  g^  whose  fulcrum  is  at  H,  the  oth^  end 
b^ing  suspended  by  the  rack  k,  which  has  hold  of  the  pinion 
L  on  the  same  axle  as  the  wheel  m  ;  into  diis  wheel  plays  the 
pinion  n^  the  winch  o  on  the  other  «id  of  whose  axle  fur- 
nishes sufficient  advantage  to  enable  a  man  to  elevate  or  de- 
pt&nE  the  wallower->wheels,  as  required.  The  centre  of  the 
leter  may  be  shown  more  clearly  by  fig.  6.  pi.  XXXV.  where 
ubisa  section  of  the  lever,  which  is  composed  of  two  strong 
bars  of  iron,  as  aJb :  there  are  two  steel  studs  or  pins  which 
work  in  the  grooves  of  the  grooved  wheel  i,  this  wheel  being 
fi^ed  on  the  four  rods  surrounding  the  shaft,  of  which  three 
only  can  be  shown  in  the  figures,  as  Cjd,  e;  the  ends  of  these 
are  brewed  fast  by  bolts  to  the  sockets  of  the  wallower-wfaeels^ 
and  they  are  nicely  fitted  on  the  vertical  shaft,  so  as  to  slide  with 
little  friction :  thus  the  wallowers  may  be  raised  or  lowered 
upon  the  upright  shaft,  while  the  gudgeon  on  which  it  turns 
retains  the  same  position.  When  the  top  wallower  is  in  geai*, 
it  veUbA  on  a  shoulder  that  prevents  it  from  going  too  iar  down ; 
and  when  the  bottom  one  is  in  gear  there  is  a  bolt  that  goes 
through  the  top  wheel  sodket  andshaft,  which  takes  the  weight 
from  the  lever  o^  at  the  same  time  that  it  prevents  much  fric^ 
tion  on  the  studs  or  pins  of  the  lever  which  works  in  the 
grooved  wheel  i. 

When  the  tide  is  flowing,  after  the  mill  has  stopped  a  suffi« 
dent  time  to  gain  a  moderate  head  of  water,  the  fluid  is  suffered 
to  entei'  and  fall  upon  the  wbsel  at  the  sluice  q  (fig.  d.)»  ^uid 
the  taiUwater  to  rutk  out  nt  the  sluice  a.  The  hydrostatic 
pressure  of  the  head  of  water  acting  against  the  bottom  of  the 
wheeUframe  s,  and  at  tiie  same  time  acting  between  the  fold* 
ing-gates  tWj  which  are  thus  converted  into  a  very  large  hydros 
static  bellows,  buoys  up  the  whedi  and  frame  (tbou^  weighs 
ing,  as  before  observed,  nearly  20  tons),  and  makes  them  gra* 
dually  to  rise  higher  aitd  higIier,so  that  the  wheel  is  never,  as 
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the  woricmen  express  it^  drowned  in  the  flowing  water ;  nor 
can  the  water  escape  under  the  wheel-frame,  being  prevented 
by  the  folding-gates,  which  pass  from  one  end  to  Uie  other  of 
the  wheel,  in  this  way  the  wheel  and  frame  are  buoyed  up  by 
a  head  of  4  feet;  and  the  mill  works  with  a  head  of  5  or  5i 
feet. 

When  the  tide  is  ebbing,  and  the  water  from  the  reservoir 
running  back  again  into  the  river,  it  might  perhaps  be  expected 
that  in  consequence  of  the  gradual  subsiding  of  the  water  the 
water-wheel  should  as  gradually  lower:  but  lest  any  of  the 
water  confined  between  the  wheel-frame  at  s  and  the  folding- 
gates  TW  should  prevent  this,  there  are  strong  rackworks  of 
cast-iron,  by  which,  the  wheel-frame  can  be  either  suspended  at 
any  aldtude  or  gradually  let  down  so  as  to  give  the  water  re- 
turning from  the  reservoir  an  advantageous  head  upon  the 
wheel :  then  the  sluice  r  is  shut,  and  v  opened  as  well  as  x,  the 
water  entering  at  xto  act  upon  the  wheet,and  flowing  out  at  r. 
The  upper  surface  of  the  wheel-frame  is  quadrangular,  and  at 
each  angle  is  a  strong  cast  iron  bar,  which  slides  up  and  dowR 
in  a  proper  groove^  that  admits  of  the  vertical  motion,  but  pre- 
vents all  such  lateral  deviation  as  might  be  occasioned  by  the 
impulsion  of  the  stream. 

At  each  end  of  the  water-wheel  there  is  a  vertical  shaft,  with 
wallowers  and  a  first  cog-wheel,  as  F,  £,  and  cd  ;  and  each  of 
these  vertical  shafts  turns  a  large  horizontal  wheel  at  a  suitable 
distance  above  the  wallowers,  while  each  horizontal  wheel 
drives  4  equal  pinions  placed  at  equal  or  quadrantal  distances 
on  its  periphery,  each  pinion  having  a  vertical  spindle,  on  the 
upper  part  of  which  the  upper  millstone  of  its  respective  pair 
is  nxed.  Other  wheels  driven  by  one  or  other  of  these  pinions 
giving  motion  to  the  bolting  and  dressing  machines^  and  dif- 
ferent subordinate  parts  of  £e  mill. 

Although  the  vertical  shaft  at  each  end  of  the  water-wheel 
rises  and  rails  with  that  wheel,  yet  the  large  horizontal  wheel 
turning  with  such  shaft  does  not  likewise  rise  and  fall,  but  re- 
mains always  in  the  same  horizontal  plane,  and  in  contact 
with  the  four  pinions  it  drives.  The  contrivance  for  this  pur- 
jpose  is  very  simple,  but  very  efficacious :  each  great  horizontal 
wheel  has  a  nave,  which  runs  upon  friction-rculers,  and  has  a 
square  aperture  passing  through  it  vertically,  just  large  enough 
to  allow  the  shaft  p  to  slide  freely  up  and  down  in  it,  but  not 
to  turn  round  without  communicating  its  rotatory  motion  to 
the  wheel :  thus  the  weight  of  the  wheel  causes  it  to  press 
upon  the  friction-rollers,  and  retain  the  same  horizontal  planes, 
and  the  action  of  the  angles  of  the  vertical  shaft  upon  the  cor- 
responding parts  of  the  square  orifice  in  the  nave  causes  it  to 
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partake  of  the  rotatory  motion,  such  motion  being  always  iii 
one  direction,  in  consequence  of  the  contrivance  by  which  one 
or  other  of  the  wallowers  ef  is  brought  into  contact  with  the 
opposite  points  of  the  first  cog-wheel  on. 

Several  of  the  subordinate  parts  of  this  mill  are  admirably 
constructed  ;  but  we  can  only  notice  here  the  means  by  which 
the  direction  of  the  motion  in  the  dressing  and  bolting  ma- 
chines may  be  varied  at  pleasure.  On  a  vertical  shaft  are  fixed, 
at  the  distance  of  about  15  or  18  inches,  two  equal  co^-wheels, 
and  another  toothed  wheel  attached  to  a  horizontal  axle  is  made 
so  as  to  be  moveable  up  and  down  by  a  screw,  and  thus  brought 
into  contact  with  either  the  upper  or  lower  of  the  two  cog- 
wheels on  the  vertical  shaft;  thus,  it  is  manifest  the  motion  is 
reversed  with  great  facility  by  changing  the  position  of  the 
horizontal  axle  so  that  the  wheel  upon  it  may  be  driven  by  the 
two  cog-wheels  alternately.  A  wheel  and  pinion  working  at 
the  other  end  of  the  horizontal  axle  will  communicate  the  mo- 
tion to  the  dressing-machines. 

Mr.  W.  Dryden,  Mr.  Lloyd's  foreman,  employed  in  the 
erection  of  this  mill,  suggests  that  a  nearly  similar  mode  may 
be  advantageously  adopted  in  working  the  dressing-machines 
in  wind-mills  :  three  wheels,  all  of  different  diameters,  may' be 
employed,  two  of  them^as  a  and  c,  turning  upon  a  vertical  sbafu 
and  the  third,  b,  upon  an  inclined  one.  In  fig.  10.  pi.  XXXV^ 
the  wheels  a  and  b  are  shown  in  gear,  while  c  is  out :  and  if  a 
be  struck  out  by  some  such  contrivance  as  is  adopted  with 
regard  to  the  first  cog-wheel  and  wallowers  (fig.  5.  6.),  c  would 
come  in  contact  with  b,  while  a  would  be  free,  and  so  commu- 
nicate a  motion  to  b  the  reverse  way.  By  this  contrivance  it 
would  be  easy,  when  the  winds  are  strong  and  give  a  rapid 
motion  to  the  vertical  axle,  to  bring  c  to  drive  b  the  wheel  on 
the  axle  of  the  dressing-machines ;  and,  on  the  contrary,  when 
the  wind  was  slack,  and  the  consequent  motion  of  the  machi- 
nery slow,  let  c  be  thrown  out  of  gear  and  the  wheel  b  driven 
by  the  larger  wheel  a,  as  shown  in  the  figure. 

We  should  have  been  glad  to  see  adopted  in  this  well-con- 
structed mill  a  contrivance  recommended  and  pursued  by  the 
American  millwrights,  for  raising  the  ground  corn  to  the 
cooling-boxes  or  beaches  from  which  it  is  to  be  conveyed  into 
the  bolting  machine.  In  this  mill,  as  in  all  we  have  seen,  the 
corn  is  put  into  bags  at  the  troughs  below  the  mill-stones,  and 
thence  raised  to  the  top  of  the  mill-house  by  a  rope,  folding 
upon  barrels  turned  by  some  of  the  interior  machinery  of  the 
mill.  In  the  American  method  a  large  screw  is  placed  hori- 
zontally in  the  trough  which  receives  the  flour  from  the  mill- 
stones.   The  thread  or  spiral  line  of  the  screw  is  composed  of 
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pieces  of  wood  about  two  inches  broad  and  three  long,  fixed 
mto  a  wooden  cylinder  seven  or  eight  feet  in  length,  which 
forms  the  axis  of  the  screw.  When  the  screw  is  turned  round 
this  axis,  it  forces  the  meal  from  one  ^d  of  the  trough  to  the 
other,  where  it  &lls  into  another  trough,  from  which  it  is  raised 
to  the  top  of  the  mill-house  by  means  of  elevators,  a  piece  of 
machinery  similar  to  the  chain-pump.  These  elevators  consist 
of  a  chain  of  buckets  or  concave  vessels  like  large  tea-cups, 
fixed  at  proper  distances  upon  a  leathern  band,  which  goes 
round  two  wheels,  one  o£  which  is  placed  at  the  top  of  the 
mill-house,  and  the  other  at  the  bottom,  in  the  meal-trough. 
When  the  wheels  are  put  in  motion,  the  band  revolves,  and  the 
buckets,  dipping  into  the  meal-trough,  convey  the  flour  to  the 
upper  story,  where  they  discharge  their  contents.  The  band  of 
buckets  is  inclosed  in  two  square  boxes,  in  order  to  keep  them 
dean,  and  preserve  them  from  injuiy. 

But  it  is  time  to  direct  our  attention, 

2.  To  tide-miUs  in  which  the  axle  of  ike  'smter-wheel  neUker- 
rises  norJbllSf  and  in  which  that  wheel  is  made  always  to  re- 
volve in  the  same  direction. 

A  water-wheel  of  this  kind  must  manifestly,  at  the  time  of 
high-tide,  be  almost  if  not  entirely  immersed  in  the  fluid :  and 
to  construct  a  wheel  to  work  under  such  circumstances  is,  ob- 
viously, a  matter  which  requires  no  small  skill  and  ingenuity. 

The  first  perscms  who  devised  a  wheel  which  might  be  turned 
by  the  tide,  when  completely  immersed  in  it,  were  Messrs. 
Gosset  and  de  la  Deuille.  Their  wheel  is  described  by  Beiidor 
in  nearly  the  following  terms:  Suppose  gh  (fig.13.pl.  XXXV.) 
to  denote  the  surface  of  the  water  at  high-tide^  the  line  lm  the 
surface  at  low  water,  and  that  the  current  follows  the  direction 
of  the  arrow  n  ;  the  problem  is  to  construct  the  wheel  such 
that  it  may  always  turn  upon  its  axis  ix.  The  figure  just 
referrred  to  is  a  profile  of  an  assemblage  of  carpentry  which 
must  be  repeated^  several  times  akmg  the  arbor,  according  to 
the  length  which  it  is  proposed  to  give  to  the  float-boards ;  and 
the  planks  or  plates  which  compose  these  floats  must  be  hung 
to  the  other  parts  of  the  fi'ame  by  as  many  joints  as  are  neces- 
sary to  enable  them  to  sustain  the  impulse  c^  the  water  without 
beading.  The  sole  peculiarity  of  this  wheel  consists  in  hang- 
ing upon  the  transverse  beams  in  the  frame-work,  by  hinges, 
the  planks  which  are  to  compose  the  float-boards;  so  that  tney 
may  present  themselves  in  face,  as,  n,  n,  n,  when  they  are  at 
the  bottom  of  the  wheel,  to  receive  the  full  stroke  of  the 
stream ;  and,  on  the  contrary,  they  present  only  their  edges^  as 
at  A,  A,  A,  when  they  are  brought  towards  the  summit  of  the 
wheel :  hence,  the  water  having  a  far  greater  eflect  upon  the 
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lower  than  the  upper  parts  of  the  wheel,  compels  it  to  revolve- 
in  the  order  of  the  letters ;  instead  of  which,  if  the  float-boards 
were  Ifixed,  as  in  the  usual  way,  the  impulse  of  the  fiuid  upon 
the  wheel  would  be  nearly  the  same  in  all  its  parts,  and  it 
would  remain  immoveable. 

We  see,  at  once,  that  the  boards  d,  d,  x>,  havinj^  moved  to- 
wards M,  then  begin  to  float,  as  at  e,  e,  b,  and  more  still  at  f,  f,  f, 
but  that  it  is  not  till  they  arrive  at  a,  a,  a,  that  they  attain  the 
horizontal  positicm ;  after  that,  having  arrived  at  b,  b,  b,  they 
begin  to  drop  towards  the  beams  to  which  they  are  hocked,  and 
as  soon  as  they  have  passed  the  level  of  the  axle  ik,  the  stream 
commences  its  full  action  upon  tiiem,  which  it  attains  com*- 
pletely  between  c,  c,  c,  and  e,  e,  e,  and  this  whether  the  surface 
of  the  water  be  at  g-h  or  at  lm  ;  for  even  in  the  latter  case  it  is 
man^ie^  that  the  float-boards  are  entirely  immersed  when  in  the 
vertical  portion  p<^  Belidor  says  he  was  present  at  the  first 
trial  c^  such  a  wheel  at  Paris,  and  that  it  was  attended  with  aU. 
the  success  that  could  be  desired. 

A  water-wheel  has  been  lately  invented  by  Mr.  Dryden, 
which  will  work  when  nearly  immersed  in  water  of  a  flowing 
tide.     Fig.  4.  pi.  XXXV.  is  an  eleratiofi  of  this  wheel,  ita 
upper  parts  being  supposed  to  stand  a  foot  or  two  higher  than 
the  tide  ever  rises:  the  axis  of  this  wheel  remains  always  in  one 
place,  and  the  wheel  will  work  at  high  water  when  the  head  is 
at  B  and  the  tail-water  at  the  dotted  liDe  a  ;  it  will  also  perform 
nearly  the  same  work  when  the  head  is  at  c,  and  the  tail-water, 
level  with  the  bottom  of  the  wheel.     The  floats  are  all  set  at 
one  and  tlie  same  angle  with  the  respective  radii  of  tlie  wheel, 
as  may  be  seen  in  the  figure,  and  are  made  so  as  to  have  a» 
opening  of  at  least  an  inch  between  each  float  and  the  dram- 
boarding  of  the  wheel.     This  opening  is  intended  to  prevent 
the  wheel  from  being  impeded  by  the  tail-water ;  for  as  the 
bucket  rises  out  of  the  water  there  can  be  no  vacuum  formed 
in  it,  there  being  a  foil  supply  of  air,  in  consequence  of  which. 
the  water  leaves  the  wheel  deliberately.     The  case  is  different 
with  regard  to  wheels  made  in  the  common  way :  for  if  such 
are  open  wheels,  the  floats  are  made  in  such  a  manner  as  to 
throw  the  tail-water  if  they  are  immersed  any  dmth  in  it ;  or, 
if  they  are  eiosey  the  wheel  wants  proper  vent  for  the  air  to 
prevent  the  formation  of  a  vacuum  in  the  rising  backet,  or  what 
t9  caHed  by  the  mill^  **  sucking  up  the  tail-water.^'    At  d  is 
planking  made  circuiar,  to  fit  m  ^eel  pretty  close  for  rather 
more  than  the  space  cf  two  floats,  so  as  to  confine  the  water 
nearly  close  to  the  wheel,     e,  f,  g,  b,  are  sluices  which  are 
all  connected  together  by  the  iron-bar  i,  and  Med  with  the 
assistance  of  a  wheel,  two  pinions,  and  a  wkicli,  the  first  pinion 
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working  into  the  rack  k  :  these  sluices  are  merely  for  stoppin^r 
the  wheel  when  occasion  requires,  although  one  might  be  su& 
ficient  to  supply  the  wheel.  The  rings  of  this  wheel  may  be 
made  either  of  cast-iron  or  of  wood ;  the  floats  may  be  iron 
plates  riveted  together.  The  flanches  on  the  arms  of  the  wheel 
exhibited  in  the  sketch  are  intended  to  facilitate  the  fixing  of 
the  first  co^-wheel :  the  ring  of  the  wheel  may  be  fixed  to  the 
flanches  at  the  extremity  of  the  arms,  and  the  large  flanch  made 
fiist  to  the  axle  will  receive  the  middle  part  of  the  wheel. 

Fig.  4.  pi.  XXXVII.  is  a  plan  of  the  house  in  which  either 
of  the  two  latter  wheels  may  be  fixed,  showing  in  what  manner 
the  water  may  be  conveyed  always  on  one  side  of  the  wheel  by 
the  assistance  of  the  four  gates  a,  b,  c,  and  n.  When  the  mill  is 
working  from  the  river,  a  and  b  are  open,  the  arrows  point  out 
the  way  the  water  runs  from  the  river  to  the  basin ;  and  the 
dotted  lines,  on  the  contrary,  the  course  from  the  basin  to  the 
river,  when  a,  b,  are  shut,  and  c,  d,  opened.     These  gates  are 
made  to  turn  on  an  axle,  which  is  about  six  inches  n'om  the 
middle  of  the  gate :  and  on  the  top  of  the  axle  is  a  half-wheel : 
by  some  crane-work  connected  to  it,  the  gate  can  be  opened  or 
shut  at  pleasure :  when  a  head  of  water  passes  against  the  gates, 
they  will  open  great  part  of  the  way  of  themselves,  by  onfy  let- 
ting the  catches  that  keep  them  shut  be  lifted  out  oFtneir  place. 
X,  Y,  are  two  knees  of  cast  iron,  to  support  the  posts  that  the 
gates  are  fixed  to.    The  walls  of  the  building  are  represented 
at  a,  ft,  c,  and  d. 

The  reader  will  now  be  able  to  form  an  estimate  of  the 
comparative  value  and  ingenuity  of  the  two  kinds  of  tide*mills 
here  described.  The  simplicity  of  construction  of  the  wheels 
of  Gosset,  de  la  Deuiile,  and  Dryden,  recommend  them 
strongly ;  but  we  entertain  some  doubts  of  their  being  com- 
pletely successful  in  practice :  had  the  curious  wh^l  witli  the 
folding-gates,  &c.  figs.  5.  6.  pi.  XXXV.  been  placed  with 
its  axS  perpendicular  instead  of  parallel  to  the  course  of  the 
river,  the  water  might  then  have  always  been  admitted  to  act 
upon  the  same  side  of  it,  and  the  hydrostatic  pressure  would 
have  operated  as  completely  in  lowering  it  continually  during 
the  time  of  ebb,  as  in  raising  it  continually  during  the  rising  of 
the  tide:  thus,  as  appc^ars  to  us,  would  the  labour  of  a  man  be 
saved,  who  according  to  the  present  construction  must  attend 
the  water-wheel ;  and  all  the  additional  apparatus  now  requi- 
site to  shift  the  spur-wheels  would  at  the  same  time  be  saved, 
and  a  consequent  diminution  of  original  expense. 

We  shall  annex  to  this  article  a  description  of  an  improve- 
ment on  tide-mills,  to  make  them  work  as  well  at  high  and  low 
water  as  any  other  time  of  tide,  by  Mr.  John  Isaac  Hawkins. 
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Mr.  Hawkins^$  improvement  consists  in  having  a  reservoir  to 
be  filled  by  the  tide  at  high  water,  through  a  canal  furnished 
with  a  valve-sluice,  so  as  to  let  the  water  pass  into  the  reservoir, 
but  not  to  go  back  again  the  same  way.  The  content  of  this 
reservoir  or  upper  pond  is  to  be  conveyed  by  the  usual  means 
over  or  under  a  water-wheel,  and  then  received  by  another 
reservoir  or  lower  pond,  where  it  is  retained  till  the  time  of 
low  water,  when  it  opens  another  valve-sluice,  and  discharges 
itself  into  the  river  or  sea,  from  ^hence  it  was  received.  Upon 
this  principle,  a  constant  fall  of  water  from  the  upper  into  the 
lower  pond  is  obtained  by  means  of  the  rising  and  falling  of  the 
tide,  and  that  without  requiritig  any  person  to  attend  it ;  for, 
whenever  the  water  is  higher  in  the  river  or  sea  than  in  the 
upper  pond,  it  will  opei^  the  sluice  Jtnd  fill  the  pond ;  and 
whenever  it  is  lower  in  the  river  or  sea  than  in  the  lower  pond, 
the  weight  of  water  in  the  latter  will  open  the  lower  sluice. 

To  adopt  tMs  plan  in  place** where  the  general  level  of  the 
land  is  about  half  way  between  high  and  low  water,  nothing 
more  would  be  necessary  than  to  dig  out  the  lower  pond,  and 
with  the  same  earth  make  an  embankment^  which  will  form  the 
upper. 

The  same  principle  may  be  applied  to  those  tide-mills  already 
in  use,  that  work  forwards  and  backwards.  Let  two  small 
ponds,  an  upper  and  a  lower,  be  dug,  each  capable  of  holding 
water  enough  to  turn  the  mill  about  two  hours  :  these  may  be 
called  auxiliary  ponds,  and  the  original  one  the  main  pond.  Let 
there  be  two  channels  for  the  water  to  go  into  the  main  pond, 
one  under  the  water-wheel,  and  the  other  merely  to  fill  the 
pond;  and  let  there  be  a  communication  from  the  water- 
wheel  channel  to  each  of  the  auxiliary  ponds,  as  well  as  from 
these  to  the  river  or  sea.  Then  may  the  motion  of  the  water- 
wheel  be  always  kept  up  with  due  force :  for,  during  the  rising 
of  the  tide,  and  until  within  an  hour  of  high  water,  the  current 
would  be  under  the  water-wheel  and  into  the  main  pond  as 
usual ;  but  the  force  of  the  tide  then  slackening,  the  communi- 
cation between  the  water-wheel  channel  and  the  main  pond 
must  be  shut,  and  the  current,  after  passing  the  wheel,  must  be 
turned  into  the  lower  auxiliary ;  at  the  same  time  the  tide  must 
be  admitted  into  the  main  pond  through  the  ojtfeer  channel,  and 
the  upper  auxiliary  likewise  filled.  By  the  time^he  lower  pond 
is  full  the  tide  will  be  running  down  strong  :eriough  to  admit  of 
the  wheel  being  turned  backwards,  in  the  ordinary  way,  by  the 
contenu  of  the  main  pond  passing  back  through  the  water- 
wheel  channel.  This  will  continue  until  about  an  hour  before 
low  water,  when  the  contents  of  the  upper  auxiliary  pond  must 
be  carried  undei-  the  wheel,  and  then  discharged  into  the  river 
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pr  se^,  and  the  main  and  lower  auxiliary  ponds  allowed  to 
leinpty  themselves. 

We  willingly  give  place  to  this  improvement  in  the  forma- 
tion of  reservoirs  for  tide-mills,  because,  notwithstanding  the 
great  utility  and  advantage  of  this  kind  of  machineiy,  but  little 
has  been  published  relative  to  it  in  this  country.  (Retroapedj 
No,  15.) 

TURNING,  the  art  of  forming  hard  bodies,,  as  wood,  ivory, 
iron/into  a  round  or  oval  shape  by  means  of  a  machine  called 
t^ldthe^  This  urt  was  well  known  to  the  ancients,  and  seems 
to  have  been  carried  by  them  to  a  very  great  degree  of  per- 
fection; at  least,  if  we  believe  the  testimony  of  Pliny  and~ 
several  other  authors^  who  tell  us,  that  those  precious  vases  en- 
riched with  figures  in  half-relief,  whjch  still  adorn  our  cabinets, 
.were  turned  on  the  lathe. 

The  art  of  turning  is  of  considerable  importance,  as  it  con- 
tributes essentially  to  the  per%ction  of  several  Other  arts.  The 
architect  us^s  it  for  many  ornaments  both  within  and  without 
highly-finished  houses.  The  mathematician,  the  astronomer, 
•and  tne  natural  philosdpher,  have  recourse  to  it,  not  only  to 
embellish  their  instruments,  but  also  to  give  them  the  necessary 
dimension  and  precision :  and  it  iaan  art  absolutely  necessary  to 
thegoldsmith,  the  watchmaker,  the  joiner,  and  the  smith. 

Turning  is  performed  by  the  lathe,  of  which  there  are  various 
kinds,  and  several  instruments,  as  gouges,  chisels,  drills,  formers, 
screw-tails,  used  for  cutting  what  is  to  be  turned  into  its 

1>roper  form  as  the  lathe  revolves.  The  most  simple  kind  of 
athc  is  a  well-known  instrument,  and  need  not  be  described 
here :  the  improved  lathes  manufactured  by  Messrs.  MaUdslav 
and  Field,  of  Lambeth  Marsh,  are  both  curious  and  useful. 
Mr.  J*,  i^are^,  jun.  who  took  the  drawings  of  these  elegant 
specimens  of  mechanical  ingenuity,  has  accompanied  tnem 
with  a  description,  nearly  as  below.  a  (pi.  XXXVI. 
fig.  1.)  is  the  great  wheel,  with  four  grooves  on  the  rim ;  it  is 
worked  by  a  crank  b  and  treadle  c,  in  the  common  way ;  the 
catgut  which  goes  round  this  wheel  passes  aUo  round  a  smaller 
wheel  j>,  called  the  mandrel^  which  has  four  grooves  on  its 
i^cumference  of  different  diameters  for  giving  it  difierent 
velocities,  corresponding  with  the  four  grooves  on  the  great 
wlieel  A,  In  order  to  make  the  same  bapd  suit,  when  applied 
to  all  the  different  grooves  on  the  m^pdrel  d,  the  wheel  a  can 
be  elevated  or  depressed  by  3.  screw  a,  fnand  another  at  the  other 
end  of  the^xle;  and  the  coniiectingrfod  Ccan>be  lengthened 
pr  shortened  by  screwing  the  hooks  $X  each  end  of  it  farther 
<Htf  of,  or  into  it.  The  end  M,  fig.  3*,  of  the  spindle  of  the 
ip^ndrel  n,  is  pointed,  and  works  m  a  hole  in  the  end  of  a 
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screw,  p<It  tliraugti  tho  standard  B,  fig.  1.;  the  otlier  etid 
of  the  bearing  f,  fig.  2,  is  conical,  and  works  in  a  conical 
socket  in  the  standard  f,  fig.  1.,  so  that  by.  tightening  up  the 
screw  in  £,  the  conical  end  f  may  at  any  time  be  made  to  fit 
its  socket :  the  puppet  a  has  a  cylindric  hole  through  its  .top 
to  receive  the  polished  pointed  rod  d^  which  is  moved  by 
the  screw  e,  and  fixed  by  the  screw  /*;  the  whole  puppet  is 
fixed  on  the  triangular  prismatic  bar  h,  by  a  clamp,  fig.  8., 
the  two  ends  of  which^  a^  b,  are  put  through  holes,  6,  in  .the 
bottom  of  the  puppet  under,  the  bar,  and  the  whole  is  fixed 
by  the  screw  c  pressing  against  it :  by  this  means^  the  puppet 
can  be  taken  off  the  bar  without  first  taking  off  the  standard 
I,  as  in  the  common  lathes :  and  the  triangular  bar  is  found 
to  be  far  preferable  to  the  double  rectangular  one  in  com- 
mon use.  The  rest  j  is  a  similar  contrivance ;  it  is  in  three 
pieces ;  see  figs.  3.  4.  and  5.  Fig.  4.  is  a  piece,  the  opening 
(a,  ff9  Cy)  in  which  is  laid  upon  the  bar  h,  fig.  1.;  the  four  legs 
dddd  of  fig.  .5.  are  then  put  up  under  the  bar  (into  the  recesses 
in  fig.  4.  which  are  made  to  receive  them)  so  that  the  notches  in 
dddd  may  be  level  with  the  top  of  fig.  4.,  the  two  beads  ^in 
fig.  3.  are  then  slid  into  the  notches  m  the  top  of  dddd,  fig.  4. 
to  keep  the  whole  together ;  the  groove  i  is  to  receive  a.  corre- 
sponding piece  on  g^  fig.  S.,  to  steady  it ;  the  whole  of  fig.  3. 
has  a  metallic  cover,  to  keep  the  chips  out  of  the  grooves.  It  is 
plain,  that  bv  tightening  the  screw  h  in  the  bottom  of  fig.  4. 
the  whole  will  be  fixed  and  prevented  from  sliding  along  the 
bar  H,  and  fig..  3.  from  sliding  in  a  direction  perpendicular  to 
the  bar;  the  piece  l,  fig.  3.,  on  which  the  tool  islaid,^  can.be 
raised  or  lowered  at  pleasure,  and  fixed  by  the  screw  m.  On 
the  end  n  of  the  spindle  p,  figs.  1.  and  2.,  is  screwed  occasion* 
ally  9La  universal  chuck  for  holding  any  kind  of  work  which  is 
to  be  turned  (siee  fig.  6.).  a  is  the  female  screw  to  receive  the 
screw  jty  fig.  ].;  near  the  bottom  of  the  screw  a  is  another 
screw  B3,  which  is  prevented  from  moving  endways  by  a  collar 
in  the  middle  of  it  fixed  to  the  screw  a  ;  one  end  of  the  sc^ew 
,BB  is  cut  right  handed^  and  the  other  left  handed ;  so  that  by 
turning  the  screw  one  way,  the  two  nuts  ef  will  recede  from 
.each  otner^  or  by  turning  it  the  contrary  way,  they  wilL  ad- 
vance towards  each  other :  the  two  nuts  ef  pass  through,  an 
opening,  in  the  plate  c,and  project  beyond  the  same,  carrym^ 
jaws  like  those  of  a  vice,  by  which  the  subject  to  be  turned  is 
held. 

For  turning  faces  of  wheels,  hollow  work,  &c.  where  great 
accuracy  is  wanted,  Mr.  Mavdalay  has  contrived  a  curious 
apparatus  which  he  calls  a  alide-tool^  represented  by  fig.  7.^ 
where  eee  is  the  opening  to  receive  the  bar  H,  fig.  1.,  and  it  is 
fixed  by  the  clamp,  fig.  8.  as  before  described :  the  tool  fo^ 
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cutting,  &c.  is  fixed  in  the  two  holders  bb  by  their  screws ; 
these  holders  are  fastened  to  a  sliding-plate  a,  which  can  be 
moved  backwards  and  forwards  by  the  screw  c,  causing  the 
tool  to  advance  or  recede ;  fig.  9.  represents  the  under  side 
(turned  upward)  of  the  part  aa,  in  which  the  screw  c  is  seen 
fixed  at  each  end,  and  the  nut  d,  which  is  attached  to  the  under- 
side of  the  plate  a,  working  upon  it.     When  it  is  necessary,  as 
in  the  turning  of  the  inside  of  the  cones,  &c.  that  the  tool  should 
tiot  be  parallel  to  the  spindle  p,  the  screw  e  and  another  similar 
one  behind  must  be  loosened,  the  tool  set  at  the  proper  angle, 
and  then  be  screwed  tight  again.     In  order  to  make  the  piece 
AA  move  truly  when  it  is  turned  round,  there  is  a  hole^  fig.  9. 
to  receive  a  knob  ff,  fig.  14.,  upon  the  plate  b,  which  acts  as  a 
centre,  and  keeps  it  in  its  place :  there  are  three  holes  on  each 
side  in  the  plate  b,  fig.  12.,  to  put  the  screw  e  in  at  different 
times,  thus  giving  to  tne  tool  a  greater  range  than  the  circular 
openings  s  s  will  admit.  The  part  eeee,  represented  separately, 
and  inverted  in  fig.  10.  is  of  cast  iron,  and  has  a  screw  h  work- 
ing in  it  similar  to  fig.  9* ;  the  nut  of  this  screw  is  attached  to 
the  bottom  of  the  slide  h,  fig.  11.,  at  ^,  which  slides  in  the  groove 
2,  figs.  7.  and  10. ;  at  one  end  of  it  is  a  box  containing  a  screw  w, 
to  be  hereafter  described,  and  at  the  other  is  a  frame  of  brass  kk. 
Near  the  same  end  of  the  slide  is  a  pin  l,  projecting  above  the 
plate,  which  is  put  through  an  opening,  j  in  fig.  12.,  to  steady  it, 
while  the  other  end,  cot  fig.  12.,  is  put  through  an  opening  M 
in  the  box  d,  fig.  II.     In  the  part  c  is  an  oblique  slit  II  to  receive 
a  stub  which  projects  from  the  bottom  of  the  nut  n,  worked  by 
the  screw  wi,  fig.  1 1 . :  by  this  arrangement  it  is  obvious  that  if 
the  screw  m  is  worked,  the  stub  of  the  nut  w,  acting  against  the 
slide  of  the  slit  U  as  an  inclined  plane,  will  move  it  either  back- 
wards or  forwards  through  the  opening  m  ;  a  metal  cover  r, 
fig:  14.,  is  occasionally  put  over  the  opening  for  the  nut  n  and 
screw  m  to  prevent  the  chips  from  falling  in.     Near  the  four 
corners  of  the  frame,  fig.  1 2.,  are  four  small  projections  oooo, 
with  inclined  sides,  which  fit  into  the  four  openings  pppp  of 
figs.  1 3.  and  7. ;  these  openings  are  cut  out  in  two  brass  plates, 
which  are  screwed  on  at  right  angles  to  the  plates  bb,  figs.  7. 
and  13.;  the  ends  qqqq  of  these  plates  slide  between  the  edges 
of  the  frame  kk  and  the  box  d,  so  as  to  prevent  any  other 
motion  than  a  vertical  one. — When  the  slide-tool  is  used,  the 
puppet  G  is  to  be  removed  or  pushed  back  further  from  f,  and 
the  tool  is  put  upon  the  bar  h,  fig.  1.,  and  fixed  in  the  place  of 
the  rest  j  by  the  clamp  fig.  8. ;  the  distance  from  the  centre  n 
is  adjusted  by  the  screw  A,  which  moves  the  slide,  fig.  1 1 .  in  the 
grooves  ?,  figs.  7.  and  10.  with  the  whole  apparatus  upon  it :  by 
the  screw  my  figs.  7.  and  11.,  as  before  described,  the  slide, 
fig.  12.,  may  be  moved  in  a  direction  perpendicular  to  the 
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bar  H,  fig.  1 . ;  and  its  projections  oo  iactin^  against  the  slits  op, 
figs.  7.  and  13.,  as  incnned  planes,  will  raise  or  lower  the  plate 
B  as  is  required. 

The  tool,  which  has  been  before  fixed  in  the  holders  hh,  can 
be  set  at  the  proper  angle,  by  loosening  the  screw  e^  as  pre- 
viously described:  and,  lastly,  the  tool  with  the  holders  and 
slider  a  can  be  advanced  or  withdrawn  by  working  the  screw  e. 
The  nuts  of  the  screws  c  and  A,  fig.  7.,  are  not  screwed  fast  to 
the  sliding  plates,  but  are  held  by  two  pins  ty  fig.  11.,  which  fit 
into  grooves  u^  fig.  10.,  in  each  side  of  the  nut :  by  these  means 
the  sliding  plate  can  at  any  time  be  taken  out  by  only  unscrew- 
ing one  of  tne  brass  sides  from  the  groove  /,  without  taking  out 
the  screw  and  nut.  In  order  to  make  the  grooves  always  fit 
their  slides,  the  two  pieces  of  brass  yy^  fig.  7.,  which  compose 
the  sides  of  the  groove,  have  elliptic  holes  for  their  screws  i?,  so 
as  to  admit,  when  the  screws  are  slackened,  of  being  push^ 
inwards  by  the  screws  tt?,  which  work  in  a  lump  of  metal  cast 
with  the  part  aa. 

.  The  large  lathes  which  Mr.  Maudslay  uses  in  his  manufac- 
tory, instead  of  being  worked  by  the  foot,  as  represented  iix 
fig.  1.,  are  worked  by  hand ;  the  wheel  and  fly-wheel  which  the 
men  turn  works  by  a  strap  on  another  wheel,  fixed  to  the  ceil- 
ing directly  over  it ;  on  the  axis  of  this  wheel  is  a  larger  one, 
which  turns  another  small  wheel  or  pulley,  fixed  to  the  ceil- 
ing, directly  over  the  mandrel  of  the  lathe ;  and  this  last  has  on 
its  axis  a  larger  one  which  works  the  mandrel  d,  by  a  band  of 
catgut.  These  latter  wheels  are  fixed  in  a  frame  of  cast-iron, 
moveable  on  a  joint ;  and  this  frame  has  always  a  strong  tend- 
ency to  rise  up,  in  consequence  of  the  action  of  a  heavy  weight ; 
the  rope  from  which,  after  passing  over  a  pulley,  is  fastened  to 
the  frame :  this  weight  not  only  operates  to  keep  the  mandreU 
band  tight,  when  applied  to  any  of  the  grooves  therein,  but 
always  makes  the  strap  between  the  two  wheels  on  the  ceiling 
fit.  As  it  is  necessary  that  the  workman  should  be  able  to  stop 
his  lathe,  without  the  men  stopping  who  are  turning  the  great 
wheel,  there  are  two  pulleys  or  rollers  (on  the  axis  of  the  wheel 
over  the  lathe),  for  me  strap  coming  from  the  other  wheel  on 
the  ceiling ;  one  of  these  pulleys,  called  the  deadpuUey^  is  fixed 
to  the  axis  and  turns  with  it,  and  the  other  which  slips  round 
it  is  called  the  live  pulley :  these  pulleys  are  put  close  to  each 
other,  so  that  by  slipping  the  strap  upon  the  live  pulley ^  it  will 
not  turn  the  axis ;  but  if  it  is  slipped  6n  the  other  it  will  turn 
with  it :  this  is  eiBPected  by  an  horizontal  bar,  with  two  upright 
pins  in  it,  between  which  the  strap  passes!  This  bar  is  moved 
m  such  a  direction  as  will  throw  the  strap  upon  the  live  pulley, 
by  means  of  a  strong  bell-spring ;  and  in  a  contrary  direction  it 
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is  moved  by  a  cord  fastaied  ia  it,  which  passes  over  a  pulfcy,  and 
hangs  down  within  reach  of  the  workman''s  hand :  to  this  cord^is 
fastened^  weight,  heavy  enough  to  counteract  the  bell-spring, 
and  Imng  the  strap  up  to  the  dead  pulley,  to  turn  the  lathe ;  but 
when  the  weight  is  laid  upon  a  littJe  shelf,  prepared  for  the  pur- 
pose, the  spnng  will  act  and  stop  it. 

Mr.  Maudslay  has  likewise  some  additional  apparatus  for 
cutting  the  teeth  of  wheels,  in  which  the  face  of  the  mandrel  d, 
fig.  1.,  has  seventeen  concentric  circles  upon  it,  each  divided 
into  a  different  number  of  equal  parts^  by  smaU  holes.  '  There 
is  a  thin  stop,  x,  fig.  1.,  which  moves  round  on  a  screw,  fixed  in? 
the  standard  f  :  this  stop  is  made  of  thin  steel,  and  is  so  fixed, 
that  when  it  is  turned  up,  and  its  point  inserted  into  any  of  the 
divisions  of  the  mandrel,  it  will  have  a  sufficient  spring  to  keep 
it  there :  the  wheel  to  be  cut  is  fastened,  by  means  of  a  chuck, 
to  the  screw  w,  and  after  it  has  been  turned,  and  brought  to  the 
primer  shape,  the  rest  j  is  to  be  taken^  away,  and  the  slide-toof 
substituted :  a  square  bar  is  then  put  into  the  two  holders,  fei, 
fig^  7. ;  this  bar  has  two  branches  for  holding  the  ends  of  a  spin- 
dle, near  one  end  of  which  is  a  pulley,  and  at  the  other  are  roup 
chisels,  fixed  perpendicularly  into  the  spindle  for  cutting  out  the 
teeth  (instead  of  the  circular  saw  commonly  used) :  the  pulley  is 
turned  (with  the  intervention  of  several  wheels  to  augment  the 
velocity)  by  the  same  great  wheel  as  the  lathe,  with  7S00  revo- 
lutions per  minute;  the  mandrel  is  then  fixed  by  the  stop  or, 
fig.  1.,  and  the  cutter  advanced  towards  the  wheel,  by  the  screw 
f ,  fig.  7.  When  it  has  cut  that  tooth,  the  cutter  is  withdrawn, 
and  the  mandrel  turned  to  another  division,  and  a  tooth  is  cut 
again  as  before.  At  that  part  of  the  frame  of  the  cutting- 
spindle  where  the  bar  which  is  fixed  in  the  holders  of  the  slide- 
tool  connects  with  the  two.  branches  there  is  a  joint,  by  which 
the  cutting-spindle  can  be  set  in  an  inclining  position,  for  cut- 
ting oblique  teeth  like  those  which  are  to  work  with  an  endless 
screw.  The  great  velocity  with  which  this  spindle  turns  soon 
generates,  by  friction  and  resistance,  a  degree  of  heat  sufficient 
to  expand  it  very  sensibly ;  but  this  ingenious  mechanist,  fore- 
seeing such  a  circumstance,  has  judiciously  compensated  for  it 
in  his  construction,  by  making  the  spindle  so  short  as  to  play 
loosely  in  its  sockets  at  the  commencement  of  the  motion ;  but 
after  a  few  seconds  the  expansion  is  such  as  to  cause  the  whole 
to  fit  together  as  it  ouffht  to  do,  and  the  work  of  cutting  topro^ 
ceed  with  accuracy  ana  safety. 


Another  skilful  mechanic,  Mr.  Smarts  of  Ordnance  Wharf, 
Westminster,  whose  chimnoy-ckansers  and  saws  have  been  iio* 
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ticed  in  earlier  parts  of  this  volume,  has  made  some  very  useful 
hnprovements  in  the  art  of  turning,  and  particularly  has  struck 
out  a  simple  method  of  turning  cylinders  atid  cones,  in  wood. 
The  figures  to  illustrate  his  turning  machinery  are  given  in  pi, 
XXVI.  (figs.  3,  4.),  where  the  legs  or  stiles  l,  the  puppets  a,  b, 
the  cheeks  o,  o,  the  pikes  and  screws,  m,  n,  r,  with  the  handle 
D,  are  but  slightly  varied  from  the  usuail  construction.  Round 
the  mandrel  e  passes  a  band  f,  f',  which  also  encompasses  a 
large  wheel  not  shown  in  the  figure;  and  when  this  large  wheel 
is  turned  round  with  moderate  swiftness,  it  communicates  a 
fapid  velocity  to  the  mandrel  e,  and  the  longpiece  of  wood  c, 
which  is  proposed  to  be  made  Qylindrical.  Tnis  piece  is  pfe- 
Viously  hewn  into  an  octagonal  form.  The  cuttmg-frame  h 
contains  a  sharp  iron  tool,  which  is  to  answer  the  purpose  oi 
the  common  turning-gouge,  and  which  is  fitted  into  the  framd 
ito  as  to  project  a  little  beyond  its  inner  part,  after  the  matmeif 
of  a  carpenter'^  plane-iron  for  roiind  or  ogee  work,  Then^ 
while  the  pie<^e  o'ls  turning  swiftly  round  by  a  man  working  at 
the  great  wheel,  another  man  pushes  the  frame  h  gently  on  from 
L  towards  m,  the  lower  part  of  that  frame  fitting  between  the 
cheeks  o,  o,  and  sliding  along  between  them.  By  this  process^ 
the  piece  g  is  reduced  to  a  cylinder,  moderately  smooth ;  and^ 
in  order  to  render  the  smoothness  as  complete  as  need  be,  a  se* 
cond  cutter,  and  its  frame  i,  adapted  to  a  rather  smaller  cylinder 
than  the  former,  is  pushed  along  in  like  manner  from  l  to  M. 
This  operation  may  oe  performed  with  such  speed,  that  a  very 
accurate  cylinder  of  6  feet  long,  and  4  inches  diameter,  may  DC 
fixed  tQ  the  lathe  and  turned  m  much  less  than  a  minute. 

Mr.  Smart  turns  a  conical  end  to  one  of  these  cylinders  with 
great  facility,  by  means  of  a  cutting-blade  fixed  in  an  ironlioUow 
conical  frame  k,  the  smaller  end  of  which  admits  the  pike  from 
the  screw  s  (fig.  4.\  to  which  one  end  of  the  cylinder  a  is  at- 
tached :  as  the  cyhnder  turns  rapidly  rc^d,  the  cutter  k  is  con- 
ducted gently  along  it  by  means  of  the  hollow  frame,  and  sooft 
gives  the  conical  sluipe  to  the  end  of  the  cylinder,  as  required. 

Excellent  lathes,  with  considerable  improvements,  are  like-'' 
wise  made  by  Messrs.  Holtzapflel  and  Deyerlein,  118^  Long 
Acre. 

The  following  improvement  in  the  construction  of  the  lathe 
is  extracted  from  that  useful  publication  the  Mechanie^s 
Magazine. 

Figure  2.  pi.  XLI V.  is  the  appearance  of  the  lathe  endwise ; 
c  represents  one  of  two  pieces,  which  are  fixed  to  tTie  back- 
bed  of  the  lathe ;  f  is  a  lever,  moveable  on  the  centre  o,  whicTi 
lev«  has  a  jriece  cut  out  of  the  end,  to  admit  the  extrapulley  iJ, 
which  must,  to  dlow  the  band  to  pass  without  rubbing,  be 
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placed  so  as  to  stand  in  wiiiding  with  the  pulley  on  the  mandrel, 
as  shown  by  d,  fig.  2 ;  the  lever  f  is  furnished  with  hooks,  on 
which  the  weight  g  is  hung,  according  to  thq  nature  of  the 
work.  It  would  improve  the  plan  if  the  giooves  in  the 
mandrel  pulley,  instead  of  being  angular,  were  turned  rather^ 
flat  at  the  bottom. 

Fig.  3.  will  be  readily  understood,  as  the  same  letters  denote 
the  same  parts  as  in  fig.  2, 

AA  are  beds  of  the  lathe ;  c,  the  mandrel  pulley ;  b,  the 
large  wheel, 

WATCH,  a  small  portable  machine  for  measuring  time  ; 
having  its  motion  commonly  regulated  by  a  spiral  spring.    Per- 
haps, strictly  speaking,  watches  are  all  Buch  movements  as  shcm 
the  parts  of  time ;  as*  clocks  are  such  as  publiih  them,  by  strik- 
ing on  a  bell,   &c.     But  commonly,  the  term  watch  is  appro- 
Enated  to  such  as  are  carried  in  the  pocket ;  and  clock  to  the 
irge  movements,  whether  they  strike  the  hour  or  not. 
Spring  or  Pendulum  Watches  stand  pretty  much  on  the 
same  principle  with  pendulum  clocks.     For  if  a  pendulum,  de- 
scribing small  circular  arcs,  make  vibrations  of  unequal  lengths, 
in  equal  times,  it  i$  because  it  describes  the  greater  ar&  with  a 
greater  velocity ;  so  a  jspring  put  in  motion,  and  making  greater 
and  less  vibrations,  as  it  is  more  or  less  stiff,  and  as  it  has  a 
^  greater  or  less  degree  of  motion  riven  it,  performs  them  nearly 
in  equal  times.     Hence,  as  the  vibrations  of  the  pendulum  had 
been  applied  to  large  clocks,  to  rectify  the  inequality  of  their 
motions ;  so  to  correct  the  unequal  motions  of  the  balance  in 
watches,  a  spring  is  added,  by  the  isochronism  of  whose  vibra- 
tions the  correction  is  to  be  effected.     The  spring  is  usually 
wound  into  a  spiral,  that,  in  the  little  compass  allotted  it,  it 
may  be  as  long  as  possible ;  and  may  have  strength  enough  not 
to  be  mastered,  and  dragged  about,  by  the  inequalities  of  the 
balance  it  is  to  regulate.     The  vibrations  of  the  two  parts,  viz. 
the  spring  and  the  balance,  should  be  of  the  same  length ;  but 
so  adjusted,  as  that  the  spring,  being  more  regular  in  the  length 
of  its  vibrations  than  the  balance,  may  occasionally  communicate 
its  regularity  to  the  latter. 

Striking  Watches  are  such  as,  besides  the  proper  watch- 
part  for  measuring  of  time,  have  a  clock>part  for  striking  the 
hours,  &c. 

Repeating  Watches  are  such  as  by  pressing  a  spring,  &c. 
repeat  the  hour,  quarter,  or  minute,  at  any  time  of  the  day  or 
night.  This  repetition  was  the  invention  of  Mr.  Barlow,  and 
first  put  in  practice  by  him  in  larger  movements  or  clocks  about 
the  year  1676.  The  contrivance  immediately  set  the  other 
artists  to  work,  who  soon  contrived  divers  ways  of  effecting  the 
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same :  but  its  application  to  pocket  watches  was  not  known' 
before  king  James  the  Second's  reign ;  when  the  ingenious  in- 
ventor above  mentioned,  having  directed  Mr.  Thompson  to 
make  a  repeating  watch,  was  sdiciting  a  patent  for  the  same. 
The  talk  of  a  patent  engaged  Mr.  Quare  to  resume  the  thoughts 
of  a  like  contriviance,  which  he  had  had  in  view  some  years  be- 
fore :  he  now  eflFected  it ;  and  being  pressed  to  endeavour  to 
prevent  Mr.  Barlow's  patent,  a  watch  of  each  kind  was  pro- 
duced before  th^  king  and  council;  upon  trial  of  which,  the 
preference  was  given  to  Mr.  Quare's.  The  diflference  between 
them  was,  that  Barlow's  was  made  to  repeat  by  pushing  in  two 
pieces  on  each  side  the  watch-box  ;  oiie  of  which  repeated  the 
hour,  and  the  other  the  quarter :  whereas  Quare's  was  made  to 
repeat  by  a  pin  that  stuck  out  near  the  pendant,  which  being 
thrust  in  (as  now  it  is  done  by  thrusting  in  the  pendant  itself), 
repeated  both  the  hour  and  quarter  wiui  the  same  thrust. 

Of  the  Mechanism  of  a  Watch,  properly  so  called.  Watches, 
as  well  as  clocks,  are  composed  of  wheels  and  pinions,  and  a- 
regulator  to  direct  the  quickness  or  slowness  of  uie  wheels,  and 
of  a  spring  which  communicates  motion  to  the  whole  machine. 
But  the  regulator  and  spring  of  a  watch  are  vastly  inferior  to 
the  weight  and  pendulum  of  a  clock,  neither  of  which  can  be 
employed  in  watches.  Instead  of  a  pendulum,  therefore,  we 
are  obliged  to  use  a  balance  (pi.  XXXIII.  fig.  1.)  to  regu- 
late the  motion  of  a  watch;  and  a  spring  (fig.  2.)  which 
serves  instead  of  a  weight,  to  give  motion  to  the  wheels  and 
balance. 

The  wheels  of  a  watch,  like  those  of  a  clock,  are  placed  in  a 
frame  formed  of  two  plates  and  four  pillars.  Fig.  3.  represents 
the  inside  of  a  watch,  after  the  plate  (fig.  4.)  is  taken  off.  a  is 
the  barrel  which  contains  the  spring  (fig.  2.) ;  the  chain  is  rolled 
about  the  barrel,  with  one  end  of  it  fixed  to  the  barrel  a, 
(fig.  5.),  and  the  other  to  the  fusee  b. 

When  a  watch  is  wound  up,  the  chain  which  was  upon  the 
barrel  winds  about  the  fusee,  and  by  this  means  the  spring  is 
stretched  ;  for  the  interior  end  of  the  spring  is  fixed  by  a  hook 
to  the  immoveable  axis  about  which  tlie  barrel  revolves ;  the 
exterior  end  of  the  spring  is  fixed  to  the  inside  of  the  barrel, 
which  turns  upon  an  axis.  It  is  therefore  easy  to  perceive  how 
the  spring  extends  itself,  arid  how  its  elasticity  forces  the  barrel 
to  turn  round,  and  consequently  obliges  the  chain  which  is  upon 
the  fusee  to  unfold  and  turn  the  fusee :  the  motion  of  the  fusee 
is  communicated  to  the  wheel  c  (fig.  5.) ;  then,  by  means  of  the 
teeth,  to  the  pinion  c,  which  carries  the  wheel  d  ;  then  to  the 
pinion  d,  which  carries  the  wheel  e  ;  then  to  the  pinion  ^,  which 
carries  the  wheel  f  ;  then  to  the  pinion  fy  upon  which  is  the 
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bfdanc^wbeel  6,  whose  phtci  runs  iti  the  pieced  a  called  the 
phiance,  and  b,  catkd  a  follower^  which  are  fixed  on  the  plate, 
fig.  4  This  plate,  of  Which  only  a  part  is  represented,  is  ap- 
^led  to  that  of  fig.  8^  in  such  a  manner  that  the  pivots  of  the 
wheels  enter  into  holes  made  in  the  plate,  fig.  8.  Thus  the  im- 
pressed  force  of  the  spring  is  communicated  to  the  wheels ;  and 
Ae  pinion  y  being  then  connected  to  the  wheel  p,  obliges  it  to 
turn  (fig*  6.).  This  wheel  acts  upon  the  palates  of  the  verge 
1,  £  (fig.  1;),  the  axis  of  which  carries  the  balance  hh  (fig.l.). 
The  pivot  ij  in  the  end  of  the  v^ge,  ent^s  into  the  hole  c  in 
the  potance  a  (fig.  4.).  In  thin  figure  the  palettes  are  r^re- 
£^ted;  but  the  balance  is  on  the  other  side  of  the  plate,  as 
may  be  seen  in  fig.  6.  The  pivot  3  of  the  balance  enters  into 
a  hole  of  the  cock  tc  (fig.  7.)  il  perspective  view  of  which  is 
represented  in  fig*  8.  Thus  the  balance  turns  betweeli  the  cock 
and  the  potance  e  (%.  4.)  a^  in  a  kind  of  cage<  The  action  of 
the  bdance^wheel  upon  the  palettes  1^  %  (fig.  1.)  is  the  same 
with  what  we  have  described  with  regard  to  the  same  wheel  iir 
liie  clodc ;  I.  e.  in  a  watch,  the  balance  wheel  obliges  the  ba*- 
lance  to  vibrate  backwards  and  forwards  like  a  pendulum^  At 
each  vibration  of  the  balance  a  palette  allows  a  tooth  of  the  ba- 
kmce-wheel  to  escape ;  so  that  the  quickness  of  the  motion  of 
the  wheels  is  entirely  determined  by  the  quickness  of  the  vibra- 
tions of  the  balance ;  and  these  vibratioite  of  the  balance  and 
motion  of  the  wheels  are  produced  by  the  action  of  the  spring. 
.  But  the  quickness  or  slowness  of  the  vibrations  of  the  balance 
depends  not  solely  upon  the  action  of  the  great  spring,  but 
chiefly  upon  the  action  of  the  spring  a,  6,  c,  called  the  spiral 
spring  (ngr  9.)$  situated  under  the  balance  h,  and  represented 
in  perspective  (fig.  6.}.  The  exterior  end  of  the  spiral  is  fixed 
to  the  pin  a  (fig.  9.).  This  pin  is  applied  neat  the  plate  in  a 
(fig.  &) ;  the  interior  end  of  the  spiral  is  fixed  by  a  peg  to  the 
centre  of  the  balance.  Hence  if  the  btdance  is  turned  upon 
itself,  the  plates  remaining  immoveable,  the  spring  will  extend 
itself,  and  make  the  balance  perform  one  revolution.  Now^ 
after  the  tsj^tsA  is  thus  extended,  if  the  bidance  be  left  to  itself, 
the  diasticity  of  the  spiral  will  bring  back  the  balance,  and  in 
this  maimer  the  alternate  vibrati<Mis  of  the  balance  are  pro« 
duced^ 

In  fig.  5.  all  the  wheels  above  described  are  represented  in 
such  a  nEstnneiv  ^^^t  it  may  be  easily  perceived  at  first  sight  how 
the  motion  is  communicated  from  the  barrel  to  the  balance. 

In  fig.  10.  are  represented  the  wheels  under  the  (fial^plate  by 
which  toe  hands  are  moved.  The  pinion  « is  adjusted  to  tbie 
force  of  the  prolonged  pivot  of  the  wheel  i>  (fig.  5.)|^|tnd  is  called 
a  cannon  pinion.    Thi*  wheel  revolves  in  an  llour.     The  end 
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of  the  axis  of  the  pinion  a,  upon  which  the  minute  hand  i»  ixed, 
is  square ;  the  pinion  (fig.  10.)  is  indented  into  th«  Wheel  6, 
which  is  carried  by  the  pinion  a.  Fig.  1 1  •  is  a^  wheel  fixed  upon 
a  barrel,  into  the  cavity  of  which  the  pinion  a  enters,  and  upon 
which  it  turns  freely.  This  wheelrevolves  in  twelve  hours^  and 
carries  along  with  it  the  hour-hand. 

Such  in  brief  is  the  general  mechanism  of  a  watch  r  to  treat 
the  subject  to  the  extent  its  importance  demands  would  roq^urre 
a  volume :  some  parts  of  the  constructioii  are  further  explained 
under  the  words  balance  and  scapement  in  this'vol^ime. 

Mr.  Elliot,  of  Clerkenwell,  has  lately  invented  a  very  ^mple 
repeating  watch,  in  which  the  motion  is  perfcH'med  with  much 
fewer  parts  than  in  the  usual  construction,  by  Which  means  he  is 
enabled  to  reduce  the  price  so  low  as  eight  guiheas  for  a  good 
repeater  on  this  principle,  oi*  to  add  the  repeating-worK  to 
another  watch  for  three. 

The  method  by  which  this  repeater  is  so^  much  simptxfied  isi 
by  the  use  of  a  single  part,  so  contrived  ais  to  perform  the  ope- 
rations of  several. :  this  is  a  flat  ring,  or  centreless  wheel,  of 
nearly  the  same  diameter  as  the  watch,  supported  in  its  pfetce, 
so  as  to  admit  of  circular  motion,  by  four  gtobyeA  puHeys* 
placed  round  its  external  circumference,  in  the  salne  manner  as 
the  part  in  common  clocks  which  denotes  the  moon's  age.  This 
part  is  put  in  motion  by  turning  the  pendant,  whose  extremity 
IS  formed  into  a  small  vertical  wheel,  which  works  in  teeth  cut 
on  the  external  part  of  the  flat  ring  for  almost  a  third  6f  its  cir- 
cumference. The  lower  part  of  tne  ring  contains  the  pins,  at 
right  angles  to  its  face,  which  lift  the  hammers  for  striking  the 
hours  and  quarters ;  the  internal  part  of  the  ring  contains  in- 
dentations of  regularly  increasing  depths,  which  receiving  the 
tails  of  the  levers  whose  other  extremities  are  pressed  by  their 
springs  against  the  hour-snml  and  the  guarter-snail,  is  by  them 
prevented  from  moving  beyond  a  certain  degree  proper  for  the 
time :  after  the  pendant  is  turned^  the  ring  is  brpuffbt  back  tc 
its  first  position,  by  a  box-spring,  round  which  a  nne  chain  is 
coiled,  whose  extremity  is  connected  with  the  inner  part  of  the 
ring. 

By  turning  the  pendant  to  the  left  the  hour  is  struck,  and  by 
turning  it  to  the  right  the  quarters  are  repeated ;  and  the  re- 
turning spring  just  mentioned  is  made  to  operate  in  both  di- 
rections, by  its  chain  passing  between  two  little  pulleys,  which 
on  either  side  convert  the  mrection  of  the  chain  to  the  line  of 
traction  of  the  spring. 

Hence  it  is  evident  this  single  flat  ring  performs  all  the  fol- 
lowing operati(Mis. 
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1.  It  rccdives  the  motion  for  striking  the  hour  from  the  pen- 
dant. 
,  2.  — The  same  for  striking  the  quarters. 
3.  It  carries  the  rans,  or  teeth,  which  lift  the  hour-hammer. 
4. , —  The  same  for  the  quarter-hammer. 

6.  It  contains  the  indentations  by  which  the  hour-snail  ope- 

rates on  it  by  its  lever. 
6*  —  The  same,  by  which  the  quarter-snail  operates  on  it. 

7.  It  carries  the  part  that  recoils  the  movement  which  tells 

the  hour  to  its  first  position. 

8.  It  carries  the  part,  for  the  same  purpose,  for  the  quarter- 

movement.  -  ' 

9.  It  contains  a  cavity,  which  moves  over  a  fixed  pin,  that 

,  prevents  the  pendant  from  turning  it  too  far. 

In  this  ring,  the  same  parts,  in  three  instances,  are  made  to 
perform  double  operations,  by  which  simplicity  of  construction 
IS  advanced,  apparently  to  its  greatest  extent. 
.  For  other  constructions  the  reader  may  consult  the  Panto^ 
logia. 

watchman's  Noctuaey,  the  name  given  to  an  instru- 
ment lately  contrived  to  remedy  a  great  defect  in  an  important 
branch  of  the  police  of  great  cities,  that  of  night-watching. 
Every  twenty-four  hours  furnishes  some  instance  of  the  ineffi- 
cacy  of  the  present  system,  by  the  depredations  which  have 
been  committed  in  the  night,  or  by  the  fatal  accidents  which 
occur  from  a  neglect  of  giving  families  timely  warning  in  cases 
of  sudden  fires.  A  respectable  magistrate  (Samuel  Day,  Esq. 
of  Charter-house,  Hinton,  Somersetshire)  has  directed  his  at- 
tention to  the  application  of  a  mechanical  check  upon  the  dili- 
gence and  regularity  of  watchmen,  labourers,  and  all  other 
classes  of  men  whose  duty  requires  that  they  should  attend  at 
certain  places  at  appointed  times :  the  instrument  he  has  in- 
vented for  this  purpose  he  calls  a  Watchman' S7ioctiiaryy  or  Lo- 
bourer^s  Regulator. 

The  invention  consists  principally  of  a  large  horizontal 
wheel,  which  is  moved  uniformly  round  every  12  hours  by 
clock-work.  The  upper  side  of  this  wheel  is  divided  by  two 
circles,  one  within  tne  other ;  the  outer  one,  or  periphery, 
having  the  hours  and  quarters  marked  on  it,  >vhich  may  be 
called  the  lateral  side ;  tne  inner  circle  having  also  a  dial,  which 
may  be  called  the  vertical  one.  The  space  between  these  circles 
or  dials  is  divided  into  cells,  each  cell  corresponding  with  a 
quarter  or  half-hour  of  the  different  hours  marked  on  the  dials ; 
4nd  if  thought  proper,  the  cells  might  be  so  multiplied,  as  that 
each  would  correspond  within  a  period  of  five  minutes.     Such 
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is  the  upper  side  of  the  horizontal  wheel,  which  may  be  made  of 
copper  or  tin,  or  various  other  materials,  and  is  about  9  inches 
in  diameter.     The  under  side  of  the  same  has  a  brass  wheel 
with  teeth,  diameter  3^  inches,  fixed  to  its  central  part ;  the  teeth 
of  which,  letting  in  with  those  of  a  smaller  wheel  or  pinion,  give 
motion  in  consequence  to  the  large  horizontal  wheel  (of  which 
it  forms  a  part)  by  the  motion  it  receives  from  the  phiion.    This 
pinion  being  set  in  motion  by  the  common  clock-work  and  a 
weight  or  spring,  the  revolution  of  the  horizontal  wheel  is  com- 
pleted once  in  twelve  hours,  and  thus,  regularly  going  round, 
will  at  all  times  show  the  time  of  day  or  night.     As  it  moves 
round  it  carries  the  cells  abovei-mentioned  under  a  kind  of  chink, 
just  large  enough  to  receive  a  token  of  about  the  size  of  a  far- 
thing.    This  chink  sinks  down  from  an  external  brass  box, 
which  is  sufficiently  large  to  admit  a  man's  fingers  to  drop  in 
the  token  by  an  external  aperture  or  mouth  of  the  chink,  the 
token  being  directed  perpendicularly  through  this  chink  into 
such  cell  as  is  immediately  under  it,  and  which  must  correspond 
with  the  time  of  night  or  day.     The  head  of  the  case  of  the 
machine  has  double  doors  in  front ;  the  outward  door  covers 
the  whole  face  together,  leaving  a  sufficient  space  above  the  ho- 
rizontal wheel  for  examining  the  tokens  and  taking  them  from 
the  cells,  or  for  removing  the  wheel  when  necessary.    A  smaller 
door  opens  in  this  large  one  upon  the  brass  box  above  mentioned, 
the  opening  of  which  belongs  solely  to  the  watchman,  or  such 
other  person  as  may  be  required  to  use  the  same,  for  the  pur- 
pose of  seeing  the  time  and  dropping  his  tokens,  a  minute-dial 
also  being  placed  under  the  hour-index.     If  it  be  found  more 
convenient,  a  common  dial-plate,  to  show  the  hours  and  minutes, 
may  be  placed  instead  of  the  minute^lial.     The  great  outer 
door  first  mentioned  is  to  be  opened  only  by  the  inspector  or 
examiner  of  the  tokens,  and  ought  to  be  well  secured ;  but,  for 
greater  safety,  both  agcunst  thieves  and  weather,  there  is  an  in- 
side door,  in  which  the  fore-mentioned  brass  box  is  fixed ;  and 
this  inner  door  being  opened,  throws  into  view  the  horizontal 
wheel,  for  the  purpose  just  specified.     These  are  the  essential 
parts  of  the  invention  :  the  difierent  appendages  may  be  vari- 
ously modified. 

One  such  instrument  as  this  being  placed  at  each  end  of  a 
watchman^s  round,  it  will  be  ascertained  how  the  man  continued 
his  movements  through  the  night,  to  a  nicety  of  10  minutes  (or 
less,  if  required)  at  any  period  of  the  watch ;  and  the  slightest  ^ 
irregularity  or  omission  will  be  detected  the  next  morning  by 
the  person  whose  office  it  shall  be  to  open  the  machine.  No 
trick  or  fraud  on  the  watchman^s  part  can  counteract  the  move- 
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meiit  of  the  boii^oiUal  wheel  oampriaiii^  the  cells  into  which 
the  tokens  are  to  be  dropped ;  each  cell  is,  by  this  contrivance, 
like  time  itself,  irrevocable  when  past :  the  watchman  has  no 
command  over  it,  and  the  whole  will  be  a  kind  of  speaking  wit- 
ness of  his  diligence  and  fidelity  in  going  his  rounds,  answering 
the  next  morning  to  the  exact  periods  he  either  was  or  ought  to 
have  been  there. 

By  this  means  the  calls  of  the  watchmen,  which  were  onlj 
instituted  for  the  purpose  of  his  giving  notice  of  being  on  his 
duty,  will  be  superseded  ;  and  a  considerable  expense  of  animal 
exertion  will  be  saved  to  the  individual,  which  might  better  be 
converted  into  that  of  going  his  rounds  twice,  where  he  now 
only  goes  once.  Warnings  to  the  nightly  thief  of  timely  attack 
or  retreat  will  likewise  be  taken  away;  and  if  instead  of  an  open, 
the  watchman  was  to  carry  a  dark,  lantern,  the  robber  would 
have  no  security  whatever  in  calculating  the  moment  of  his 
depredation,  and  might  be  detected  in  the  very  outset  of  his 
attack,  as  the  slightest  sound  would  alarm  the  watchman  walk> 
in^  in  silence,  and  not  drowning  distant  noise  by  that  of  his  own 
voice. 

The  same  machine  will  answer  in  custom-houses,  ware-houses, 
banking-houses,  manufactories,  bleaching-grounds,  and  every 

Elace  where  watching  or  other  attendance,  to  be  useful,  must 
e  exact ;  even  sentinels  on  military  duty  might  be  required  to 
leave  tokens  as  memorials  of  their  vigilance. 

Mr.  Day  has,  we  understand,  obtained  the  usual  patent  for 
securing  to  himself  the  right  of  making  and  selling  this  instru- 
ment ;  yet  surely  not  to  the  exclusion  of  others  invented  for  the 
same  purpose:  for  the  late  Marquis  of  Exeter  informed  the 

Sublic  more  than  twenty  years  ago,  through  the  medium  of 
Nicholson's  Philosophical  Journal,  that  a  clock  for  a  similar 
purpose  had  been  invented  by  Messrs.  Boulton  and  Watt  of 
Birmingham,  which  costs  no  more  than  thirty  shillings.  His 
lordship  had  then  had  two  of  them  at  Burleigh-Hall  more  than 
four  years ;  and  he  gives  the  following  description  of  them : 
"  They  go  eight  days,  and  have  a  face  nke  a  clock,  but  do  not 
Strike.  The  dial  goes  round  and  the  hour-finger  is  fixed :  round 
the  edge  of  the  dial  are  moveable  iron  pins,  corresponding  with 
the  quarters  in  each  hour.  A  small  hammer  placed  behind  the 
hour-finger,  when  moved  downwards,  pushes  into  the  dial  one 
of  the  pins  which  happens  to  be  under  it  at  the  time,  which  pin 
remains  so  abased  until  the  dial  nearly  returns  to  the  same  place, 
when  by  an  inclosed  plane  the  pin  is  raised  up  into  its  first  po- 
sition. This  gives  time  to  have  the  machine  examined  in  the 
morning,  to  see  how  many  pins  have  been  struck,  and  at  what 


tin^  they  were  pu^ied  downwards.  The  hiaisiiaer  U  naoved 
by  the  pulling  of  a  chain  with  a  handle,  like  house-door  bellsp 
which,  by  cranks  and  wires,  is  attached  to  it.  I  have  one  in 
my  library;  the  handle  is  out  of  doors.  The  other  machine  is 
placed  in  a  building  at  the  other  end  of  my  premises.^ 

WATER-MILLS,  the  general  term  by  which  all  kinds  of 
mills  which  have  a  stream  of  water  for  their  first  mover  are 
designated..  The  term  is  also  sometimes  applied  to  machines 
driven  by  wind,  for  the  purpose  of  draining  water  out  of  fea 
lands ;  but  it  is  with  more  propriety  confined  to  the  preceding 
acceptation. 

It  is  not  our  intention  in  the  present  article  to  enter  minutely 
into  the  description  of  the  various  kinds  of  machinery  driven  by 
water  as  an  active  power,  but  to  confine  ourselves  to  a  few 
^general  ranarks  upon  the  construction  of  that  part  only  which 
is  essential  to  water-miUs,  the  water-wheel :  for  the  axis  of  this 
wheel  may  be  employed  to  transmit  the  force  impressed  upon 
it  to  any  species  oi  machinery.  A  coneise  view  of  the  theory  of 
water-wheels,  together  with  a  tolerably  copious  statement  oi  the 
experiments  and  results  of  Smeaton,  have  been  laid  before  the 
reader  in  book  iv.  of  our'first  volume ;  we  propose  now  to  pre- 
sent some  observations  on  their  shape,  magnitude,  and  velocity. 

The  most  general  division  of  water-wheels  is  into  two  kin^, 
resulting  from  the  manner  in  which  the  fluid  is  made  to  act : 
when  water  is  made  to  act  by  its  weight,  it  is  delivered  from 
.  the  spout  as  high  on  the  wheel  as  possible,  that  it  may  continue 
long  to  press  it  down ;  but  when  it  is  made  to  strike  the  wheel, 
it  is  delivered  as  low  as  possible,  that  it  may  have  previously 
acquired  a  great  velocity :  thus  are  the  wheels  said  to  be  over- 
shot or  undershot.  The  four  kinds  of  wheels  mentioned  in 
art.  467.  vpl.  i.  belong,  in  fact,  to  one  or  other  of  these  general 
divisions. 

1.  An  overshot-mheel  is  nothing  but  a  frame  of  open  bucket$ 
BO  disposed  round  the  rim  of  a  wheel  as  to  receive  the  water 
delivered  from  a  spout  in  such  a  manner  that  one  side  of  the 
wheel  is  loaded  with  water  while  the  other  is  empty  :  of  conse^ 

Suence  the  loaded  side  must  descend ;  and  by  this  motion  the 
uid  runs  out  of  the  lower  buckets,  while  the  empty  buckeCs  Qjf 
the  rising  side  of  the  wheel,  in  their  turn,  come«inderthe  spout, 
and  are  filled  with  water.  A  slight  inspection  of  the  figure  of 
an  overshot  water-wheel,  in  plate  XVIII.  of  our  first  volume, 
will  convince  the  student  of  the  impossibility  of  coi^tructing 
the  buckets  so  as  tp  remain  completely  filled  with  water  till 
they  reach  the  bottom  of  the  wheel :  indeed,  if  the  buckets  are 
formed  by  partitions  directed  to  the  axis  of  the  wheel,  the 
whole  water  must  be  run  out  by  the  time  that  they  have  de- 
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scended  to  the  level  of  the  axis  ;  and,  of  consequence,  there 
must  be  a  great  diminution  in  the  mechanical  effect  of  the 
wheeL  Millwrights  have,  therefore,  turned  their  chief  atten- 
tion to  the  determination  of  a  form  for  the  buckets  which  shall 
enable  thetn  to  retain  the  water  along  a  great  portion  of  the 
circumference  of  the  wheel.  It  would  require  much  more  room 
than  we  can  assign  to  this  article,  to  oescribe  half  the  con- 
trivances which  have  been  proposed :  we  shall  therefore  only 
mention  one  or  two  of  the  best,  as  described  by  Dr.  Robison  in 
the  Encyclopedia  Britannica. 

In  fig.  11.  pi.  XXXII.  AM  represents  part  of  the  shrouding 
or  ring  of  buckets  of  an  overshot-wheel  which  has  40  buckets. 
The  form  of  one  of  these  buckets  is  shown  by  gofabcd  ;  in 
which  the  sole  of  one  bucket  af  should  be  f  of  ae  the  depth 
of  the  shrouding,  and  the  shoulder  aii  of  the  bucket  should  be 
one  half  of  ae.  The  arm  bc  of  the  bucket  must  be  so  inclined 
to  the  shoulder  ab  that  hc*  perpendicular  to  ahf  at  h  may  be 
4-  of  ae  ;  and  the  wrest  (or  probably  wrist)  of  the  bucket  en 
must  be  so  inclined  to  sen,  the  direction  of  the  arm,  that  im 
may  be  ^bout  \  of  En. 

From  this  construction  it  follows,  that  the  area  habc  is  very 
nearly  equal  to  dabc  :  so  that  the  water  which  will  fill  the  space 
habc  will  all  be  contained  in  the  bucket  when  it  shalhcome  into 
such  a  position  that  ad  is  a  horizontal  line ;  and  the  line  ab  will 
then  make  an  angle  of  nearly  35**  with  the  vertical,  or  the  bucket 
will  be  35^  from  the  perpendicular  passing  through  the  axis  of 
motion.  If  the  bucket  descend  so  much  lower  that  one-half  of 
the  water  runs  out,  the  line  ab  will -make  an  angle  of  about 
34^4.  with  the  vertical.  Therefore  the  wheel,  filled  to  the  de- 
gree now  mentioned,  will  begin  to  lose  water  at  about  \  of  the 
diameter  from  the  bottom,  and  half  of  the  water  will  be  dis- 
charged from  the  lowest  bucket  about^'^  of  the  diameter  further 
down.  Had  a  greater  proportion  of  the  buckets  been  filled  with 
water  when  they  were  under  the  spout,  the  discharge  would 
have  begun  at  a  greater  height  from  the  bottom,  and  a  greater 
portion  of  the  whole  fall  of  water  would  be  lost.  The  loss  by 
the  preceding  construction  is  less  than^'^th  (supposing  the  water 
to  be  delivered  into' the  wheel  quite  at  its  top),  and  may  be  es- 
timated at  abo<ft^th ;  for  the  loss  is  as  the  versed  sine  of  the 
angle  which  the  radius  of  the  bucket  makes  with  the  vertical. 
The  versed  sine  of  9&^  is  '18085,  nearly  jth  of  the  radius,  or 
T^-th  of  the  diameter.  Had  only  f  of  this  water  been  supplied 
to  each  bucket  as  it  passes  the  spout,  it  would  have  been  re- 
tained for  10**  more  of  a  revolution,  and  the  loss  of  fall  would 
have  only  been  about  ^  th. 

The  bucket  has  been  much  improved  in  its  construction  by 
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Mr.  Robert  Bums,  at  the  Cotton  Mills  of  Houston,  Bums,  and  ^ 
Co.  at  Cartside,  Renfrewshire.  This  ingenious  mill wright 
divides  the  bucket  by  a  partition  Bm,  concentric  with  the  sole 
and  rim,  and  of  sudi  an  altitude  as  to  make  the  inner  and  outer 
portions  of  the  bucket  of  nearly  equal  capacity.  It  is  justly 
observed  by  Dr.  Robison,  that  Mr.  Burass  principle  is  suscep- 
tible of  considerable  extension,  and,  when  the  practice  of  making 
the  water-wheel  of  iron  is  adopted,  he  recommends  the  use  of 
two  or  more  partitions;  for  such  a  series  of  partitions,  though- 
each  should  DC  very  thin,  will  contribute  much  to  the  general 
firmnens  of  the  whole  wheel.  In  consequence  of  this  contriv- 
ance the  fluid  is  longer  retained  in  the  descending  buckets :  and 
when  the  supply  of  water  is  very  scanty,  a  proper  adjustment 
of  the  apparatus  which  regulates  the  position  of  the  spout  will 
direct  nearly  all  the  water  into  the  exterior  buckets,  and  thus, 
by  plaeing  it  at  a  greater  distance  from  the  axis,  sensibly  aug- 
ment its  mechanical  energy.  The  doctor  suggests  also  that  the 
breadth  of  the  buckets,  or  the  rim  of  the  wheel,  should  be  tole- 
rably large,  tliat  the  quantity  of  water  received  from  the  spout 
may  not  neariy  fill  the  bucket :  and  in  order  to  prevent  the  air 
from  impeding  the  rising  buckets,  or  as  the  watermen  term  it, 
the  buckets  from  sucking  up  the  tail-water,-  he  advises  that  the 
shoulder  or  sturt  ab  of  each  bucket  be  perforated  with  a  few 
holes.  As  to  the  spout  which  conveys  the  water,  it  should  be 
considerably  narrower  than  the  breadth  of  the  wheel ;  and,  as 
Dr.  Brewster  justly  remarks,  this  distance  of  the  spout  from  the 
receiving  bucket  should  in  general  be  two,  three,  or  four  inches, 
that  the  water  may  be  delivered  with  a  velocity  a  little  exceed- 
ing that  of  the  rim  of  the  wheel ;  otherwise  the  wheel  will  be 
retarded  by  the  impulse  of  the  buckets  against  the  stream,  and 
the  dashing  of  the  water  over  would  occasion  a  diminution  of 
power. 

With  respect  to  variations  in  the  fall  of  water,  since  the 
active  pressure  is  measured  by  the  pillar  of  water  reaching  from 
the  horizontal  plane  where  it  is  delivered  on  the  wheel,  to  the 
horizontal  plane  where  it  is  spilled  by  the  wheel,  it  has  been 
concluded  ttiat  the  pressure  roust  be  proportional  to  the  wheel; 
and  therefore  the  water  must  be  delivered  as  high,  and  retained 
as  long  as  possible.  This  maxim,  however,  is  subject  to  limita- 
tions, and  is  not  perhaps  strictly  consistent  with  sound  theory. 
When  die  fall  is  exceedingly  great,  a  wheel  of  an  equal  diameter 
becomes  enormously  big,  and  extremely  expensive.  In  cases 
like  this,  where  we  are  unwilling  to  lose  any  part  of  the  force 
of  a  fall-strsam,  the  best  form  of  a  buckeUwheel  is  an  inverted 
diain  pump. 

The  velocity  of  an  over^shot  M'heel  is  a  matter  deserving  of 
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great  x&re  and  attention ;  and  different  aothors  have  arrived  at 
very  opposite  concludons  respecting  it.  The  most  accurate 
aeems  to  be  that  an  overshot-wheel  does  the  more  work  as  it 
moves  slower :  the  popular  reasoning  adduced  to  prove  dusr  has 
been  of  the  following  kind.  Suppose  that  a  certain  wheel  has 
SO  buckets,  and  that  6  cubic  feet  of  water  are  ddivered  in  a 
second  on  the  top  of  the  wheel,  and  discharged  without  any  loss 
by  the  way,  at  a  certain  height  from  the  bottom  of  the  wheel; 
I^et  this  be  the  case  whatever  is  the  rate  of  the  wheeTs  motion, 
the  buckets  being  of  a  sufficient  ca|)adty  to  hold  all  the  water 
which  fells  into  them.  Suppose  this  wheel  employed  to  raise 
a  weight  of  any  kind,  water,  for  instance,  in  a  chain  of  80 
buckets,  to  the  same  altitude  and  with  the  same  velocity.  Sup 
pose,  farther,  that  when  the  load  on  the  rising  side  of  the  mk^ 
chine  is  one  half  of  that  on  the  wheel,  the  wheel  makes  4 
revolutions  in  a  minute,  or  one  turn  in  15  seconds.  During 
this  time,  90  cubic  feet  of  water  will  have  flowed  into  the  30 
buckets,  and  each  have  received  3  cubic  feet.  In  that  case, 
each  oi  the  rising  buckets  contains  l^-  feet;  and  45  cubic  feet 
ere  delivered  into  the  upper  cistern,  during  one  turn  of  the 
wheel,  and  180  cubic  feet  m  one  minute. 

Now,  suppose  the  machine  so  loaded,  by  making  the  rising 
buckets  more  capaaous,  that  it  makes  only  2  turns  m  a  minute^ 
or  1  turn  in  SO  seconds.  Then  each  descending  bucket  must 
contain  6  cubic  feet  of  water.  If  each  bucket  of  the  rising  side 
contained  3  cubic  feet,  the  motion  of  the  machine  would  he  the 
same  as  before.  This  is  a  point  none  will  controvert.  When 
two  pounds  are  suspended  to  one  end  of  a  string  which  passes 
over  a  pulley,  and  one  pound  to  the  other  end,  the  velodty  rf 
descent  of  the  two  pounds  will  be  the  same  with  that  of  a  lour 
pound  weight,  which  is  employed  in  the  same  manner  to  draw 
up  I  wo  pounds.  Our  machine  would  therefore  continue  to  make 
four  tuhis  in  a  minute,  and  would  deliver  90  cubic  feet  during 
each  tuni,  and  360  in  a  minute.  But,  by  supposition,  it  is 
making  only  two  turns  in  a  minute ;  which  must  proceed  froin 
.a  greater  load  than  3.  cubic  feet  of  rising  water  in  each  rising 
bucket.  The  machine  must  therefore  be  rmsing  more  than  90 
feet  of  water  during  one  turn  of  the  wheel,  and  tnore  than  180 
in  a  minute. 

Thu$;it  appears,  that  if  the  madiine  is  turning  twice  as 
slow  as  before,  there  is  more  than  hvice  the  former  quantity 
in  the.  rising  buckets ;  and  more  will  be  raised  in  a  minute  by 
the  same  expenditure  of  power.  In  like  manner,  if  the  machine 
go  three  times  as  slow,  there  must  be  more  than  three  times 
the  former  quantity  in  the  rising  buckets,  and  mcH^  work  will 
be  done. 
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But  farther  we  may  assert,  that  the  more  we  retard  the  ma* 
chine  to  a  certain  practical  extent,  by  loading  it  with  moee 
work  of  a  similar  kind,  the  greater  will  oe  its  performance ;  and 
the  truth  of  the  assertion  may  be  thus  demonstrated:  Let  us 
call  the  first  quantity  of  water  in  the  rising  bucket,^  <%  ;  tbe 
water  raised  by  four  turns  in  a  minute,  will  be  4  x  30  X  a  a: 
120  Q.     The  quantity  in  this  bucket,  when  the  machine  soes 
twice  as  slow,  has  been  shown  to  be  greater  than  S  q;  csSl  it 
^  ft  +  a;  the  water  raised  by  two  turns  in  a  minute  will  then 
be2x30x  (2Q  +  a?)  =  l«0ci  +  i50j:.     Suppose,  next, 
the  machine  to  ^  4  times  as  slow,  making  but  one  turn  in  a 
minute ;  the  rising  bucket  must  now  contain  more  than  twice 
the  qoanuty  52  q  -f-  a?,  or  more  than  49  4"^  '>  ^^  it  4  a  -f- 
^  +  ^-     The  work  done  by  one  turn  in  a  minute  will  now  be 
90  X  (*<i  +  2a^  +  y)siiaOQ  +  60x  +  &Of/.   Bysuchan 
induction  of  the  work  accomplished,  with  any  rates  of  motion 
we  choose,  it  is  evident  that  the  performance  of  the: machine 
increJEUses  with  every  diminution  of  its  velocity  that  is  produced 
];>y  the  mere  addition  of  a  similar  load,  of  work,  or  that  it  does 
the  more  work  the  slower  it  goes.    This  however  is  abstracting^ 
from  the  e£Pects  of  the  friction  upon  the  gudgeons  of  the  wheel, 
a  cause  of  resistance  which  increases  with  the  load,  though  not 
in  the  same  ratio. 

The  preceding  discussion  is  sufficient  to  demonstrate,  in  gene- 
ral, the  advantage  of  slow  motion ;  but  does  not,  it  is  confessed, 
point  out  in  any  degree  the  relation  between  the  rate  of  motion 
and  the  work  performed ;  nor  even  the  principles  om  which  it 
depends.  This,  however,  is  not  necessary  for  the  improvement 
of  practical  mechanics ;  but  it  is  sufficiently  manifest  that  there 
is  not,  in  the  nature  of  things,  a  maximum  of  performance  a(7- 
tached  to  any  particular  rate  of  motion,  which  should^  on  that 
account,  be  preferred.  All,  theref(»re,  we  have  to  do,  is  to  load 
the  machine,  and  thus  to  diminish  its  speed,  unless  other  physical 
circumstances  thi^w  obstacles  in  the  way:  but  there  are  .such 
obstacles ;  for  in  all  machines  there  are  small  inequalities  of 
action,  which  arc  unavoidable.  In  the  action  of  a  wheel  and 
pinion,  though  made  with  the  utmost  judgment  and  care,  there 
are  such  inequalities.  These  increase  by  the  changes  of  fornd 
occasioned  by  the  wearing  of-  the  machine ;  and  much  greater 
inequalities  arise  from  the  subsultory  motions  of  cranks,  stamp- 
ers, and  other  parts  which  move  uneqnably  or  reciprocallji*. 
Now,  a  machine  may  be  so  loaded  as  just  to  be  in  equilibria 
with  its  work  in  the  favourable  position  of  its  pacts :  and  when 
this  changes  into  one  less  favourable,  the  machine  may  stop,  or 
at  all  events  hobble,  and  work  very  irregularly :  thus,  the  rub- 
Iring  parts  bear  long  on  each  other,  with  enormous  pressures^ 

nn2 
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cut  deep  into  one  another,  and  greatly  augment  friction ;  so  tiidt 
such  slow  motions  as  these  must  be  avoiaedir  A  little  more  ye- 
Jlocity  enables  the  machine  to  overcome  those  increased  resist- 
.  ances  by  its  inertia^  or  the  great  quantity  of  motion  inherent 
in  it;  great  ihadiines  possess  this  advantage  in  a  superior 
degree,  and  will,  consequently,  work  steadily  with  a  smaller 
velocity. 

M.  de  Parcieux,  the  inventor  of  the  areometer  described  in 

.arts.  401,  &c.  vol.  i.  was,  we  believe,  the  first  who  deduced, 

.both  from  theory  and  experiment^  th6  important  result  that  the 

work  done  by  a  water-wheel  was  increased  by  diminishing  its 

:velocity.    His  dissertations  on  this  subject  were  first  inserted  in 

Mem,  Paris.  Acad.  Sciences^  1754 :  but  lately  the  substance  of 

4hem  has  appeared  in  various  places.     The  student,  by  turning 

.to  page  47^  of  our  first  volume,  will  see  that  Mr.  Smeaton 

armved  at  the  same  conclusion;  although  the  greater  extent 

and  variety  of  his  experiments  enabled  him  to  ascertain  that 

this  general  position  was  subject  to  a  limitation  varying  with 

circumstances,  which  a  judicious  engineer  will  always  carefully 

:discriminate. 

2.  Undershot-wheek.  To  this  class  may  be  referred  all  wheels 
in  which  the  motion  of  the  water  is  more  rapid  than  that  of  the 
float-boards  of  the  wheel,  so  that  the  fluid  impels  them.  The 
-theory  of  this  kind  of  water-wheels  being  so  exceedingly  im- 
.perfect,  we  can  do  little  else  than  recommend  to  the  student  a 
^cautious  examination  of  the  experiments  of  Smeaton.  We  have 
little  to  add  to  them  here,  except  some  results  of  De  Parcieux 
4tnd  Bossut,  who  have  shown  by  very  good  experiments  that 
^hereis  a  sen^ble  advantage  gained  by  mclining  the  float-boaitis 
-to  the  radius  of  the  wheel  about  910  decrees,  so  that  each  float- 
IxMtrd  when  lowest  shall  not  be  vertical,  but  have  its  edge  turned 
up  the  stream  about  20  degrees.  Such  inclination  causes  the 
water  to  heap  up  along  the  float-board,  and  act  by  its  weight : 
the  floats  should  thereiore  be  made  much  broader  than  the  vane 
of  wdAj&t  interrupted  by  them  is  deep. 

Some  engineers  obsei'vicg  the  great  superiority  of  overshot 
■above  undershot-wheels,  driven  by  the  same  expense  of  power, 
'have  proposed  to  bring  the  water  home  to  the  lower  part  of  the 
«^heel  onan  even  bottom,  and  to  make  the  float^boara  no  deeper 
than 'the  aperture  of  the  si  vice,  which  would  permit  the  wat^r 
to  rem  oi^t  The  wheel  they  j>Fopose  to  be  fitted  with  a  close 
sole  and  sides,  exactly  fitted  to  the  end  of  this  trough,  so  that 
if  the  wheel  is  at  rest,  the  water  may  be  dammed  up  by  the  sole 
and  float-board :  it  will,  therefore,  press  forwand  the  float-board 
with  die  whole  force  of  the  head  of  water.  But  this,  however 
specious,  cannot  answer ;  for  if  we  suppose  no  float-boards,  the 


water  WiUflow  oiit  at  ibe  bcyttom,  propelled  in  the  in&niier 
these  gentletnen  suppose;  and  it  will  be  supplied  froni  behind, 
the  water  coming  slowly  from  all  parts  oi  the  trough  to  the 
hole  below  the  wheel.  But  now  add  the  floats,  and  suppose  the 
wheel  in  motion  with  the  velocity  that  is  expected.  The  other 
floats  miist  drag  into  motion  all  the  water  which  lies  between 
them,  giving  to  the  ^eatest  part  of  it  a  motion  far  greater  than 
it  would  have  taken  in  consequence  of  the  pressure  of  the  water 
behind  it ;  and.  the  water  out  of  the  reach  of  the  floats  will  re« 
main  still,  which  it  would  not  have  done  independent  of  the 
float-boards  above  it,  because  it  would  have  contributed  to  the 
expense  of  the  whole.  So  that  the  motion  which  the  wheel  will 
acquire  by  this  construction,  must  be  widely  difierent  from 
what  its  projectors  suppose. 

r  As  far  as  we  are  able  to  judge,  the  best  way  of  delivering  the 
water  on  an  undershot-wheel  in  a  close  mill  course  is,  to  let  it 
slidq  down  a  very  smooth  channel,  without  touching  the  wheel 
till  near  its  bottom,  where  the  wheel  should  be  exactly  fitted  to 
the  course ;  or,  to  make  the  floats  much  broader  than  the  depth 
of  the  vein  of  water  that  glides  down  the  course,  and  allow  it 
to  be  partly  intercepted  by  the  first  floats,  and  heap  up  along 
them,  acting  by  its  weight,  after  its  impulse  has  been  ex- 
pended. It  the  bottom  of  the  course  be  an  arch  of  a  circle 
described  with  a  radius  much  greater  than  that  of  the  wheel, 
the  water  which  slides  down  will  be  thus  gradually  intercepted 
by  the  floats. 

.  Attempts  have  been  made  to  construct  water-wheels  which 
receive  the  impulse  obliquely,  like  the  sailsof  a  common  wind« 
mill.  This  would,  in  many  situations,  be  a  great  advantage. 
A  very  slow  but  deep  river  could  in  this  manner  be  made  to 
drive  our  mills;  and  although  much  power  is  lost  by  the  obli- 
quity of  the  impulse,  the  remainder  may  be  very  great.  Dr. 
Kobison  speaks  of  a  wheel  of  this  kind  which  was  very  power- 
ful: it  was  a  long  cylindrical  frame,  having  a  plate  standing 
out  from  it  about  a  foot  broad,  and  surrounding  it  with  a  very 
oblique  spiral,  like  a  corkscrew.  This  was  immersed  about  4:th 
of  its  diameter  (which  was  nearly  1^  feet),  havingiteaxis  in  the 
direction  of  the  stream.  By  the  work  which  it  wad  performing, 
it  seemed  more  powerful  than  a  common  wheel  which  occupied 
the  same  breadth  of  the  river.  Its  length  was  not  less  than  SD 
ieet :  had  it  been  twice  as  much,  it  would  have  nearly  doubled 
its  power  without  occupying  more  of  the  waterway.  Perhaps 
aucn  a  spiral,  continued  quite  to  the  axis,  and  moving  in  a 
hollow  canal  wholly  filled  by  the  stream,  might  be  a  very 
advantageous  way  of  employing  a  deep  and  slow  current. 
In  July^  1803,  Mr.  John  jJorton,  of  Rolls.building9,  took 
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oat  a  pateot  for  an  improremaat  in  tbe  oonstriiolhiii  iof  wilcr* 
milk,  which  is  exacdy  this  of  tbe  spiral  wheel :  how  &r  an* 
invention  which  bad  bepn  publicly  described  seven  years 
befons  in  the  Encyclopedia  Britannica  ou^t  to  be  secured  to 
Mr.  Norton  by  a  patent,  we  need  not  decide. 

^n  nndershot-wneel,  with  oblique  float-boards»  was  invented 
1^  the  late  Mr.  Besant,  of  Bnnnpton ;  on  whose  widow  the 
Society  c^ArtSy&G.  in  1  aoi,  conferred  a  reward  often  ^ineas: 
and^as  it  promises  to  be  of  great  servipe  in  many  situational  we 
have^iven  a  representation  of  it  in  pi.  XXXV. 

F^  7.  A,  represents  the  body  of  the  water-wheel,  which  is 
hollow,  in  the  lormof  adrum,  and  is  so  constructed  as  to  resist 
the  admission  of  water,  b,  is  the  axis  on  which  the  wheel  turns, 
c,  the  float-boards,  placed  on  the  periphery  of  the  wheel,  each 
of  which  is  firmly  fixed  to  its  rim,  and  to  the  body  of  the  drum, 
in  an  oblique  direction,  n,  is  the  reservoir  that  contains  the 
water.  £,  the  pen-stock,  for  regulating  the  quantity  of  water 
which  runs  to  the  wheeL  f^  represents  the  current  that  has 
passed  such  wheeL 

Fig.  B.  is  a  front  view  of  the  water-wheel,  exhibiting  the 
oblique  direction  in  which  the  float-boards,  c,  are  placed. 

In  the  common  water-wheels,  more  than  half  the  quantity 
of  that  fluid  passes  from  the  gate  through  tbe  wheel,  without 
aflbrding  it  any  assistance:  Sie  action  of  the  floats  is  reskted 
by  the  incumbent  atmosphere,  at  the  moment  when  these  leave 
the  surface  of  the  tail-water ;  and,  as  a  similar  proportion  of 
water  with  that  which  passed  betwe^i  the  floats  at  the  head, 
necessarily  flows  between  them  at  the  tail)  the  motion  of  the 
wheel  is  greatly  impeded.  On  the  contrary,  by  Mr.  Besant*& 
contrivance,  no  water  can  pass,  excepting  that  which  acta  with 
all  its  force  on  tbe  extremity  of  the  wheel ;  and,  as  the  floats 
emerge  from  the  water  in  an  oblique  direction,  the  weight  df 
the  atmosphere  is  thus  prevented  from  taking  any  efiect*  Al- 
though his  new  wheel  is  considerably  heavier  than  those  con- 
structed on  the  old  plan,  yet  it  revolves  more  easily  on  its  axis; 
the^  water  having  a  t^idency  to  float  it.  Lastly,  repeated  ex- 
periments have  proved  Mr.  Besanf  s  wheel  to  be  so  decidedly 
su^rior,  that  when  workiuj^  in  deep  tail-water,  it  will  cari^ 
weights  in  the  nroportion  of  three  to  one ;  on  which  account  it 
will  be  particukrly  serviceable  to  tide-mills.    See  TiDMi-miOs. 

Mills  with  oblique  floats  are  most  useful  for  employing  small 
streams,  which  can  be  ddivered  from  a  spout  with  a  gi*eat  vdo- 
city.  M.  Bossut  has  considered  these  with  much  attention, 
and  has  ascertained  the  best  modes  of  construction.  There  are 
two  which  have  nearly  equal  performances :  1.  Tbe  vanes 
b^ing  pUced  like  those  of  a  wmd*niill.  round  the  rim  of  a 


horizontal  or  vertical  wheel,  and  being  made  much  broader 
than  the  vein  of  water  which  is  to  strike  them  perpendicularly. 
By  these  means  it  will  be  spread  about  on  the  vane  in  athiii 
sheet,  and  exert  a  pressure  nearly  equal  to  twice  the  weight  of  a 
eolumn,  whose  base,  is  the  orifice  of  the  spent,  and  whose 
];ieight  is  the  &II  producing  the  vdodty.  Mills  of  this  kind 
are  much  in  uise  in  the  south  of  Europe*  The  wheel  is  hori- 
zontal, and  the  vertical  axis  carries  the  mill^one;  so  that 
the  mUl  is  of  the  utmost  simplicity,  and  this  is  no  small  recom« 
raendation.  Drawings  of  such  mills  may  be  seen  in  Ramelli, 
Bbckler,  LeupoJd,  find  Belidor.  See  also  Bosmi  de  Hydnody^ 
namiqtiej  torn.  ii. 

^..  The  vanes  may  be  arranged  round  the  rim  of  the  wheel, 
not  like  the  sails  of  a  wind-miu,  but  in  planes  inclining  to  the 
radii^  though  parallel  to  the  akis,  or  to  the  planes  passing 
tbi^QUgh  the  axis.  They  may  either  stand  on  a  sole,  like  the 
oblique  floats  recommended  byDe  Parcieux,  as  before  men- 
tioned;  or  they  may  stand  on  the  side  of  the  rim,  not  pointing 
to  the  axis^  but  aside  froiti  it.  This  disposition  will  admit  of 
the  spout  being  more  conveniently  dispdsed  either  for  a  hori- 
zontal CM*  a  vertical  wheel 

.  About  the  year  1746,  a  Mr.  Williams,  of  Norwich,  devised 
a.  water-wheel  with  oblique  floats,  of  which  several  sets  at' 
pleasure  were  arranged  at  suitable  distances  upon  one  and  the 
same  horizpntalaxlel  This  wheel  could  be  used  advantageously 
where  no  head  of  water  could  be  procured  and  the  current  ran 
very  slowly;  The  description  of  this  contrivance  was  given  in 
the  Phil.  Trcmac.  No.  478,  (New  AbridgmefU^  Part  34.)  in 
t^rms  nearly  .as  below. 

The  horizontal  axis  is  cut  into  the  form  of  an  hexangulur 
}»-ism,  of  dimensions  suitable  to  the  force  required.  Into  this 
several  sets  of  rectangular  .holes  are  mortised,  surrounding  it, 
or  arranged  at  equal  distances  when  measured  along  the  face 
of  the  prism.  These  holes  are  intended  to  receive  different  sets 
of  sails  made  of  iron  plates,  nearly  4  times  as  long  a^  they  are 
broadf  all  which  sails  are  weathered  in  the  same  manner  as> 
those  designed  for  wind- mills;  only  in  these  they  are  gradually 
curved  till  the  extremities  of  their  ends'  stand  parallel  to  the 
planes  of  eadi  end  of  the  axis;  viz.  those  ends  which  are  far-s 
thest  from  the  centre.  This  hexangular  axle  must,  when  em- 
ployed, be  placed  paralliel  to  the  moving  stream,  and  may  lie 
even  with  its  surface;  but  the  en^ne  wul  act  most  vigorously 
when  it,  and  all  the  sails  employed,  are  entirely  under  waters 
Each  set  of  these  sails  contains  six  in  numbe^r,.  being  placed 
orderly,  one  in  each  side  of  the  pi*ism,  and  are  so  ..Contrived  as 
to  be  put  in  and  taken  out  at  pleasiire.  Whence  it  is  concluded, 
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that  wheii'a  ftinj^le  set  of  sails  is  made  nse  of,  the  engitre  pro^^ 
duces  a  single  efiect ;  when  ^  sets,  a  double ;  and  so  on,  till  thcf 
desired  momentum  is  acquired,  with  the  same  quantity  of 
running  water,  provided  there  be  room  to  fix  a  sufficient  liuniMi 
ber  of  sails.  It  is  farther  to  be  observed,  that  when  this  engine 
is  placed  with  its  sails  made  and  weathered  as  above  directed, 
they  wilt  move  with  equal  velocity,  even  supposing  the  current 
should  change  its  course,  and  come  upon  them  in  quite  a 
contrary  direction;  as  happens  in  rivers  where  the  tide  ebb» 
and  flows. 

A  model  of  this  wheel  was  tried  in  the  river  at  Norwich.  It 
was  fixed  in  a  place  where  the  water  moved  only  9H  feet  in  90 
seconds,  in  which  time  the  first  mover  made  six  revolutions.  Its 
diameter  was  no  more  than  26  inches ;  yet  it  was  capable  of 
lifting  1 4  pounds  2  yards  high,  in  the  time  just  specified.  The 
circumference  of  the  first  mover  passed  through  a  space  of  4S 
feet  in  ^  seconds,  so  that  its  velocity  was  nearly  twice  that  of 
the  stream.  And  as  the  momentum  will  be  nearly  in  propor- 
tion to  the  number  of  the  sets  of  sails  that  are  employed,  its 
effective  force  is  capable  of  being  greatly  augmented,  while  the 
quantity  of  water  remains  the  same. 

We  nave  not  been  able  to  ascertain  whether  this  expedient 
of  Mr.  Williams  has  been  often  tried  ;  but  we  have  thought  it 
right  to  describe  it  here,  as  it  may  furnish  a  hint  which  may 
probably  be  turned  to  advantage  by  a  skilful  engineer,  especially 
in  the  erection  of  tide-mills. 

Hooting  Water-mills.  Although  we  are  in  this  country 
pr  jyided  with  many  contrivances,  in  which  the  different  powers 
of  water,  steam,  wind,  and  animal  force,  have  been  successfully 
applied  to  the  purpose  of  grinding  corn  into  flour,  yet  we  have 
not,  till  very  lately,  met  yiiih  floating  vcater^mills  to  be  worked 
by  tides  or  currents ;  and  which  are  moreover  designed  to 
put  in  motion  machinerv  adapted  to  any  kind  of  manufacture. — 
Messrs.  Polfreeman,  of  Long-acre,  in  conjunction  with  Messrs. 
Allen,  Fossenden,  and  Gray,  have  purchased  th^  patent-right 
of  Mr.  Hawkins,  and  have  lately  completed  one  of  those  miSs ; 
which,  by  permission  of  the  Board  of  Navigation,  is  stationed 
between  London  and  Blackfriars-bridge.  Such  ^rant  wias  ob- 
tained with  the  laudable  view  of  reducmg,  if  possiole,  the  price 
of  flour  in  the  metropolis,  and  funiishing  a  constant  supply  of 
that  necessary  article  of  subsistence.— The  simplicity  of  this  in- 
vention renders  a  long  description  superfluous ;  as  it  consists  in 
merely  applying  the  force  of  two  or  three  water-'wheek  on  each 
side  of  a  barge,  or  any  other  vessel  better  calculated  to  contain 
the  interior  part  of  the  machinery.  Were  several  mills  of  tbia 
kind  to  be  stationed  on  the  Thames,  or  any  other  river  where 
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the  tide  ebbs  and  flows,  there  i^ouid  doubtless  novi^rout 
advantages  result ;  for  they  will  be  far  less  expensive  thaa 
Meam-eugines  in  th6  oi'iginal  erection,  besides  that  they  would 
lead  to  a  considerable  annual  saving  in  the  imporUint  article 
of  coals. 

Some  other  remarks  connected  witli  the  subject  of  water* 
mills  will  be  found  under  the  words  Flour-mii^ls,  Pj^nstock^ 
Stream-measuebrs,  and  TinB-MiLLs,:in  this  volume:  and 
chaps.  3.  and  4.  book  iv.  of  our  first  volume.  For  fartbei; 
information,  consult  Fahre  sur  les  Machines  Bydrauliques^ 
Langsdoif's  Uandbuch  der  MaacUnenlehre,  zweyter  b^ind. 
Dr.  Brewster\H  useful  additions  to  Ferguson's  Leciurjes,  or 
some  other  of  the  treatises  mentioned  in  the  catalogue  under 
the  word  Mill. 

WEIGHING-ENGiNESyare  often  constructed  in  order  to 
ascertain  the  weight  of  the  loads  on  waggons  and  carts  pasiHug 
alouff  turnpike-roads.  To  prevent  the  roads  from  beii^  too 
much  worn,  it  has  been  found  expedient  to  fix  by  an  act  of 
parliament  a  certain  load  for  each  breadth  of  wheel;  and,  that 
yuch  loads  may  not  be  exceeded,  there  are  weighing-machims» 
at  several  of  the  toll-gates,  bv  which  the  loads  at  the  several 
waggons,  &c.  passing  through  them  can  be  determined. 
;  In  some  of  these  machines  the  contrivance  is  such,  that  tb/s 
carriage  whose  load  is  to  be  weighed  is  lifted  clear  from  the 
ground,  by  means  of  four  strong  chains  and  hooks  attached  to 
a  lar^e  steel-yard,  whose  fulcrum  is  raised  commonly  by  a<:0m- 
bination  of  tooth  and  pinion- work,  moved  by  a  wincb-handle^: 
but  it  is  far  better  to  have  the  business  performed  by  means  of 
apparatus  )>laced  under  a  horizontal  frame  on  which  the  car- 
riage may  be  drawn. 

The  most  compendious  and  economical  machine  of  this  kimd 
that  we  have  seen  is  one,  first  used  for  weighing  the  riders  of 
race-horses,  and  afterwards  applied  ^o  tte  more  reputable 
service  of  weighing  loaded  carriages. 

Fig.  5.  pi.  XXX VII.  is  a  plan  of  the  machine;  klmn  is 
the  plan  of  a  rectangular  box,  which  has  a  platform  lid  or  coyer, 
of  size  sufficient  for  placing  the  wheels  of  a  cart  or  wamon. 
The  box  is  about  a  foot. deep,  and  is  sunk  into  the  grouna  till 
4he  piatform-cover  is  evetD  with  the  surface.  ■■  In.the  middle  of 
the  box  is  an  iron  le\'er  supfkMed  on  the  fulortim  pin  ik,  formed 
like  the  nail  of  a  balance,  which  rests  with  its  edge  on  arches  Qf 
hardened  steel  firmly  fastened  to  the  bottom  of  the  box.  This 
lever  goes  through  one  side  of  the  box,  and  is  furnished  at  its 
extremity  with  a  hard  steel  pin  Zm,  also  formed  to  an  ledge 
below.  In  the  very  middle  of  the  box  it  is  £i!ossed  by  ^a  third 
nail  of  hardened  steel  gft^  also  formed  to  an  tdge,  but  on  the 
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upper  iside.  ^he«e  three  edges  are  in  one  horizontal  plane,  as 
in  a  well-made  balance. 

In  the  four  corners  a,  a',  e',  e,  of  the  box  are  firmly  fixed 
four  blocks  of  tempered  steel,  having  their  upper  surfaces 
formed  into  spherical  cavities,  well  polished  and  hard  tempered. 
AfiCDB  presents  the  upper  edge  of  an  iron  bar  of  considerable 
strength,  whic^h  rests  on  the  cavities  of  the  steel-blocks  in  a 
and  B,  by  means  of  two  bard  steel  studs  projecting- from  its 
Under  edge^  and  formed  into  obtuse-angled  points  or  cones. 
These  points  are  in  a  straight  line  parallel  to  the  side  kn  of  the 
bo^.  I'he  middle  part  c  ok  this  crooked  bar  is  faced  with  hard- 
tempered  steel  below,  and  is  there  formed  into  an  edge  parallel 
to  AS  and  kn^  by  which  it  rests  on  the  upper  edge  of  the  steel 
pin  gh,  which  is  in  the  lever.  In  a  line  parallel  to  A£,«  and  on 
the  upper  side  of  the  crooked  bar  ace,  are  fixed  two  studs  or 
points  of  hardened  steel,  b  and  n,  projecting  upwards  above 
half  an  inch.  The  platform-cover  has  four  short  feet  like  a 
stool,  terminated  by  hard  steel  studs,  which  are  shaped  into 
spherical  cavities  and  well  polished.  With  these  it  rests  on 
tne  four  steel  points  b,  b',  d'^  d.  The  bar  ace  is  kneed  in  such 
a  manner  vertically,  that  the  points  a,  b,  d,  k,  and  the  edge  c, 
are  all  in  a  horissontal  plane.  These  particular^  will  be  better 
understood  by  looking  at  the  elevation  in  fig.  (>.  What  has 
^eeil  said  of  tne  bar  ace  mnst  be  understood  as  also  said  of  the 
bar  aVe'. 

Draw  through  the  centre  of  the  box  the  line  abc  perpen- 
dicular to  the  line  ae,  bd.  It  is  evident  th&t  the  bar  ace  is 
equivalent  to  a  lever  a6c,  having  the  fulcrum  or  axis  aa 
resting  with  its  extremity  c  on  the  pin  hgi  and  loaded  at  b. 
It  is  also  evident  that  ac  is  to  a/j  as  the  load  on  this  lever  to 
the  pressure  which  it  exerts  on  the  pin  gk^  and  that  the  same 
proportion  subsists  between  the  whole  load  on  the  platform,  and 
the  pressure  which  it  exerts  on  the  pin  gk.  It  will  also  appear, 
xyn  an  attentive  consideration,  that  this  proportion  is  no  wise 
deranged,  in  whatever  manner  the  load  is  placed  on  the  plat- 
form. If  very  unequably,  the  two  ends  of  the  pin  gh  uiay  be 
unequally  pressed,  and  tHe  lever  wrenched  and  strained  a  little; 
biit  the  total  pressure  is  not  changed. 

If  there  be  now  placed  a  balance  or  steel-yard  at  the  side  lx, 
in  such  a  manner  tnat  one  end  of  it  may  be  directly  above  the 
pin  7971  in  the^nd  of  the  lever  eof,  they  may  be  connected  by 
a  wire  or  slender  rod,  and  a  weight  on  the  other  arm  of  the 
balance  or  steel-vard  may  be  put  in  equilibrio  with  anv  load  that 
«an  be  laid'  on  the  platform.  A  small  counterpoise  being  first 
hung  on  to  balance  the  apparatus  when  unloaded,  any  addiiional 
weight  will  measure  the  load  really  laid  on  the  platfoi  m.   If  ab 
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be  to  oc  as  1  to  6>  and  bo  to  bf  also  as  1  to  8,  md  if  a  oqiu- 
tnon  balance  be  Used  above,  ^  pounds  on  the  platform  will  be 
balanqed  by  one  pound  in  the  scale,  and  every  pound  will  be 
balanced  by  one- fourth  of  an  ounce.  This  would  be  a  yeiy 
convenient  partitiop  for  most  purposes,  as  it  would  enable  us  to 
use  a  common  balan^  and  common  weights  to  complete  the 
machine :  or  it  may  be  made  with  a  balance  of  unequal  arm% 
or  with  a  steeUyard* 

Some  have  thought  to  improve  this  instrument  by  ijising- 
edges  like  those  of  the  nails  of  a  balance  instead  of  points;  . 
but  unless  made  with  uncommon  accuracy^  they  will  render 
the  balance  very  dull.  The  small  deviation  of  the  two  sedges 
A  and  £,  or  of  b  and  d,  from  perfect  parallelism  (o  kk,  is 
equivalent  to  a  broad  surface  equal  to  the  whole  deviation. 
We  imagine  that,  with  no  extraordinai^  care»  the  machine 
may  be  made  to  weigh  within  •^WWts  ^  ^  the  truth,  which  is 
exact  enough  for  any  purpose  in  commerce. 
.  Il;  is  necessary  that  the  points  be  attached  to  the  bars.  Some, 
have  put  the  pomt^  at  a  and  s  in .  Uie  blocks  of  steel  fastened  to. 
the  bottoms  because  the  cavity  there  lodged  water  or  dirt,  which 
soon  destroyed  the  instrument  with  rust.  But  this  occasions  a 
change  of  proportion,  in  the  first  lever  by  any  shifting  of  the 
crooked  bars :  and  this  will  frequently  happen  when  the  wheels, 
of  a  loaded  cart  are  pushed  on  the  platform.  The  cavity  in  the 
steel  £tud  should  have  a  little  rim  round  it,  and  it  should  be  kept 
full  of  oil.  In  a  nice  machine  a  quarter  of  an  inch  of  quicksilver 
would  effectually  prevent  all  these  inconveniences. 

The  simplest  and  most  economical  form  of  this  machine  is 
to  have  no  balance  or  second  steeWard ;  but  to  make  the  first, 
steel-yard  eof  a  lever  of  the  first  kmd,  viz,  having  the  fulorum 
between  o  and  f,  and  allow  it  to  prcgect  far  beyond  the  box. 
The  long  or  outward  arm  of  this  lever  is  then  divided  into  a 
scale  of  weights,  oommenciiig  at  the  side  of  the  box.  A  coon-* 
terpoise  must  be  chosen,  such  as  will,  when  at  the  beginning 
of  the  scale,  balance  the  smallest  load  that  will  probably  be 
examined.  It  will  be  convenient  to  carry  on  this  scale  by  means 
of  eke-weigbts  hung  on  at  the  estremUy  of  the  lever,  and  to  nse 
but  one  movable  weight  By  this  method  the  divisions  of  the^ 
scale  will  have  always  one  value.  The  beiN;  arrangement  is  a& 
'  follows :  place  the  mark  0  at  the  beginning  of  the  scale,  and 
let  it  extend  only  to  100,  if  for  pounos ;  or  to  112,  if  for  cwts. ; 
or  to  10  if  for  stones;  and  let  the  eke-weights  be  numbered 
1,  %  3,  &c.  Let  the  lowest  weight  be  marked  on  the  beam. 
This  is  always  to  be  added  to  the  weight  shown  by  the  opera- 
tion.   Let  the  oke-'Weights  stand  at  the  end  of  the  beam,  an4; 
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let  the  general  counterpoise  always  4iang  at  O.  When  the  cart 
k  put  on  the  platform,  the  end  of  the  beam  tUts  up.  Hang  on 
the  heaviest  eke- weight  that  is  not  sufficient  to  press  it  down. 
Now  complete  the  balance  by  sliding  out  the  counterpcMse. 
Suppose  the  constant  load  to  be  312  lbs.,  that  the  counter- 
poise  stands  at  86,  and  that  the  eke*weight  is  9  ;  we  have  the 
load  =:  986  +  312  =z  isgslbs. 

WEiGHiiHG^pparatusJbr  good^.  Account  of  a  new  patent 
weighing-apparatiis,  invented  by  Mr.  Hardie,  of  the  Bengal 
warehouse. 

Although  the  operation  of  weighing  goods  for  sale  of  pay* 
ment  of  duty  requires  to  be  conducted  m  the  way  best  calcu- 
lated to  avoid  mistakes,  yet  we  find  that  the  several  modes  now 
in  use  are  subject  to  frequent  error,  through  the  .complicated 
process  of  reckoning  the  totals  of  hundreds,  quarters,  and 
pounds  respectively,  and  retaining  them  in  memory  until  called 
to  tlie  book-keepers ;  generally  amidst  the  .bustle  of  porters, 
carmen,  cranemen,  and  others,  at  a  time  when  the  laborious 
exertions  of  lifting  the  heavy  weights  on  and  off  the  board 
render  the  weighers  incapable  of  the  close  attention  which  an 
accurate  performance  of  the  operation  demands. 

Experience  shows,  that  in  cases  of  mensuration  the  use  of  a 
scale  greatly  contributes  both  to  accuracy  and  despatch.  Mr. 
Hardte,  therefore,  by  means  of  giving  the  weights  a  certain 
form,  has  converted  the  operation  of  weighing  into  an  opera- 
tion of  mensuration,  for  the  purpose  of  obtaining  the  important 
advantages  of  a  scale,  in  the  following  manner,  viz. 

Fig.  1.  pi.  XXXII.  Plan  of  a  board  for  the  weights,  about 
38  inches  by  32  inches,  capable  of  weighing  a  ton,  on  which 
are  delineated  two  scales,  one  of  larger  divisions  for  the  half- 
hundred  weights,  and  the  other  of  smaller  divisions  for  the 
pound  weights. 

Fig..  2.  Plan  of  a  half-hundred  weight  of  cast-iron,  a  an 
excavation  forming  the  handle  without  projecting. 

Fig.  3.^  Elevation  of  a  half^hundred  weight,  a  an  excava- 
tion forming  the  handle,  with  b  a  hole  for  lead  to  adjust  it. 

Fig.  4  and  5.  Plans  of  two  half-hundred  weights,  showing 
the  manner  they  are  placed  to  fill  a  square  allott^  for  the 
amount  of  one  hundred  weight. 

Fig.  6.  End  elevation  of  the  pound  weights  of  brass  fitted 
to  the  scale  of  one  inch  to  a  pound,  the  part  scooped  out  at  the 
sides  being  to  receive  the  points  of  the  fingers  and  thumb  to  lift 
them  without  handles. 

The  larger  weights  are  placed  on  their  particular  scale 
beginning  at  a  on  uie  left,  and  proceeding  to  the  right,  and  so 
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OH  with  each  row.  The  first  hundred  weight  covers  the  blank 
square ;  the  second,  the  square  marked  1 ;  the  third,  that 
marked  2;  and  and  so  on,  respectively. 

The  pound  weights  are  placed  on  their  particular  scale, 
beginning  at  B  on  the  left,  and  proceeding  to  the  right. 

There  is  no  scale  for  the  quarter  weights,  being  at  most 
only  two  in  number,  namely,  a  half  hundred  weight  and  a 
quarter-hundred  weight,  of  which  the  total  is  evident  by  mere 
inspection,  and  which  may  be  of  any  convenient  shape,  and 
|)laced  conspicuously  above  the  two  weights  which  complete 
the  hundreds.     The  totals  of  the  hundreds  and  pounds  are 
indicated  by  the  numbers  next  to  the  weights  respectively  on 
the  right  hand.     Hence  it  follows  that  the  amounts  of  the 
weights  on  the  boards  in  hundreds,  quarters,  and  pounds,  are 
accurately  known  to  the  weighers  by  mere  inspection ;  and  that 
the  book-keeper  has  it  in  his  power,  with  a  glance,  to  discover 
whether  the  weighers  call  the  proper  weight;  which  is  imprac* 
ticable  by  the  present  modes  of  weighing.  Boards  for  weighing 
smaller  quantities  than  a  ton  might  be  made  on  the  same 
principle,    for  weights  of  the  same  dimensions,  with  scales 
adapted  to  the  size  of  the  board.     It  is  to  be  understood  that 
the  weighing  is  performed  without  **  striking  the  weights,''' 
which  is  the  common  phrase  for  lifting  all  the  weights  off  the 
board  each  operation:  therefore  an  appropriate  moae,  accord- 
ing to  situation  and  circumstances,  must  be  adopted  to  support 
the  board  with  the  weights,  while  the  package  weighed  is  re- 
moving from  its  board  to  give  place  to  another ;  when,  in  some 
instances^  the  largeness  oithe  package  bulges  out  the  ropes  o. 
the  board,  rendering  it  necessary  to  raise  the  board  with  the 
weights  a  little  higher.     In  some  cases  the  prop,  fig.  7*  will 
answer  the  purpose,  the  pinion  being  moved  by  a  winch.     In 
other  cases  the  lever,  fig.  8.  might  be  adopted,  and  in  particular' 
instances,  the  whole  beam  and  scales,  with  the  goods  and 
weights,  might  be  raised   and  lowered  by  the  lever,  fig.  9. 
assisted  by  tne  wheel  and  pinion. 

The  greatest  individual  weight,  for  the  purpose  of  being 
portable,  is  a  half-hundred  weight.  The  common  balance  is 
used  with  this  weighing  app«iratus,  as  it  proves  to  be  the  best 
kind  of  balance  known;  being  more  true  for  very  ponderous 
bodies  than  the  steelyard,  wliicn  is  sometimes  used  wnere  gieat 
accuracy  is  not  required.  When  a  very  light  package  is  to  be 
weighed  with  a  board  adapted  for  a  much  greater  weight,  a 
hooK  and  eye  are  to  be  used  at  each  of  the  two  cords,  suspend- 
ing the  board  for  the  weights  at  a  and  c,  in  order  to  shorten 
them  and  prevent  the  board  from  leaning  to  one  side.  Where 
a  chain  instead  of  a  rope  is  used,  one  of  its  links  will  serve  as 
an  eye  to  the  hook. 
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WHEELS  acting  upon  each  other  are  the  instruments  by 
which  the  transmission  of  mechanic  force  from  one  partot*a 
system  of  machinery  to  another  is  commonly  and  conveniently 
effected.  The  due  connexion  of  the  moving  parts  is  accom- 
plishedy  either  by  the  mutual  action  of  proper  formed  teeth 
(see  the  article  tbbth  in  this  volume),  by  straps  or  endless 
bands,  or  by  the  friction  of  one  face  of  a  wheel  against  another. 
Tbe  latter  method  has,  when  adopted,  been  generally  in  snyill 
light  works,  where  the  pressure  upon  the  difierent  parts  of  the 
machinery  is  never  considerable.  Mr.  Nicholson  saw  a  drawing 
of  a  spinning-wheel  for  children,  at  a  charity  school,  in  which 
a  large  horizontal  wheel  with  a  ^lip  of  buff  leather  glued  on  its 
upper  surface,  near  the  outer  edge,  drove  12  spindles,  at  which 
the  same  number  of  children  sat.  The  spindles  had  each  a 
small  roller,  likewise  faced  with  leather,  and  were  capable,  by 
an  easy  and  instantaneous  motion,  of  being  thrown  into  contact 
with  the  large  wheel  at  pleasure.  Each  child,  therefore,  could 
throw  her  own  part  of  the  apparatus  into  work,  or  cause  it  to 
stop,  as  often  or  as  long  as  she  pleased.  The  winding  bobbins 
for  yam  at  the  cotton-mills  operate  on  the  same  simple  and 
elegant  principle,  which  possesses  the  advantage  of  drawing  the 
thread  with  an  equal  velocity,  whatever  may  be  the  quantity  oh 
the  bobbin,  and  cannot  break  it.  We  are  not  aware  that  the 
same  mode  of  communication  has  been  adopted  in  large  works, 
except  in  a  saw-mill,  by  Mr.  Taylor,  of  Southampton.  In 
this  the  wheels  act  upon  each  other  by  the  contact  of  the  end 
grain  of  wood,  instead  of  cogs :  the  whole  makes  very  litde 
noise,  and  wears  very  well:  it  has  now  been  in  use  nearly  twenty 
years.  There  is,  of  consequence,  a  contrivance  to  make  the 
wheels  bear  firm  against  each  other,  either  by  wedges  at  the 
sockets,  or  by  levers.  Tljis  principle  and  method  of  transmitting 
mechanic  power  certainly  deserves  every  attention ;  particularly 
as  the  customary  mode  by  means  of  teeth  requires  much  skill  and 
care  in  the  execution ;  and,  after  all,  wants  freouent  repairs. 

WIND-MILL,  as  its  name  imports,  a  mill  tor  any  purpose 
which  receives  its  motion  from  the  impulse  of  the  wind. 

The  internal  structure  of  wind-mills  are,  of  course,  much 
the  same  as  those  of  water-mills :  the  difierence  between  them 
l^ing  chiefly  in  the  exterior  apparatus,  the  one  to  receive  the 
force  of  the  water,  the  other  that  of  the  wind.  The  external 
apparatus  in  a  wind-mill  consists  chiefly  of  the  sails  or  vanes, 
which  are  commonly  four,  placed  in  nearly  a  vertical  position, 
and  as  they  turn  giving  a  rotatory  motion  to  an  axis  inclining  but 
a  little  from  the  norizon.  The  usual  construction  and  appear- 
ance of  the  sails  is  too  well  known  to  need  any  minute  descrip- 
tion ;  though  it  may  be  expected  that  we  shall  treat  a  little  of 
the  method  of  weathering  the  sails,  &.c.     Now  a  pretty  distinct 


idea  of  the  sorface  of  wind-mitl  sails  ixuiy  'be  obtained  by  Con- 
ceiving a  number  of  triangles  standing  perpendicular  to  the 
horizon,  in  which  the  angle  contained  between  thehypothenuse 
and  the  base  is  constantly  diminishing:  thehypothenuaeofeach 
triangle  will  then  be  in  the  supermsies  of  the  vane,  and  th^ 
would  form  that  superficies  if  their  number  were  infinite.* 

Mr.  Richard  HcM  Gower^  a  gentleman  in  the  sea  service  of 
the  East  India  Company,  made  some  iu^cious  experiments  with 
a  view  of  determining  the  proper  angles  of  weather  which  ought 
to  be  given  to  the  vanes  of  a  vertical  wind  -mill ;  his  general  con- 
clusion is,  that  each  vane  should  be  a  spiral  generated  by  the 
circular  motion  of  a  radius,  and  of  a  line  moving  at  right  angles 
to  the  plane  of  the  circular  motion.  The  construction  he 
deduces  from  his  inquiries  is  simple,  being  this  :  The  len^th^ 
breadth,  and  angle  of  weather  at  the  extremity  of  a  vane  bemg 
given,  to  determine  the  angles  of  weather  at  different  distances 
from  the  centre. 

Let  AB,  fig,  9.  pi.  XXXV.  be  the  length  of  the  vane;  bc  its 
breadth :  and'BCD  the  anjgle  of  weather  at  the  extremity  of  the 
vane,  equal  to  20  d^rees.  With  the  length  of  the  vane  ab,  and 
breadth  bc,  construct  the  isosceles  triangle  abc:  from  the 
point  B  draw  bd  perpendicular  to  cb,  then  bd  is  the  propei^ 
depth  of  the  vane. 

Divide  the  line  ab  into  any  number  of  parts  (five,  for  instance); 
at  those  divisions  draw  the  lines  1e,  2f,  :iG,  and  4h,  parallel  to 
the  line  bc;  also  from  the  points  of  division  1,  2»  S,  and  4» 
draw  the  lines  li,  2k,  3l,  and  4>m,  perpendicular  to  Ik,  2f,  3g, 
&c.  all  of  them  equal  in  length  to  bd.  Join  £i,  fk,  ql,  and 
HM :  then  the  angles  lEi,  2fk,  3ol,  and  4hm,  are  the  angles  of 
weather  at  those  divisions  of  the  vane;  and  if  the  triangles  be 
conceived  to  stand  perpendicular  with  the  plane  of  the  paper^ 
the  angles  i,  k,  l,  m,  and  o,  becoming  the  vertical  angles,  the 
hypothenuse  of  these  triangles  will,  as  before  suggested,  give 
a  perfect  idea  of  the  weathering  of  the  vane  as  it  recedes  u'om 
the  centre.     (PAi/.  Mag.  No.  14.) 

Some  theoretical  remarks  on  this  subject  are  inserted  in 
vol.  i.  art  547. 

As  the  direction  of  the  wind  is  .very  uncertain,  it  becomes 
necessary  to  have  some  contrivance  for  turning  the  sails  towards 
it,  in  order  to  receive  its  force  in  whatever  way  it  may  turn ;  and 
for  this  purpose  two  general  methods  are  in  use.  In  the  one, 
the  whole  machine  is  sustained  upon  a  movable  arbour  or  axis, 
perpendicular  to  the  horizon^  which  is  supported  by  a  strong 
stand  or  foot  very  firmly  fixed  in  the  earth;  and  thus  by  means 
of  a  lever  the  whole  machine  may  be  turned  round  as  occasion 
requires.    In  the  other  method,  only  the  roof,  which  is  circular. 
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can  be  turned  round  by  means  of  a  lever  and  rollers,  upon  which 
the  circular  roof  moves.  This  last  kind  of  wind -mill  is  mostlj 
built  of  stone,  in  the  form  of  a  round  turret,  having  a  large 
wooden  ring  on  the  top  of  it,  above  which  the  roof,  which  must 
likewise  be  of  wood,  moves  upon  rollers,  as  has  been  already 
mentioned.  To  effect  this  motion  the  more  easilv,  the  wooden 
ring  which  lies  on  the  top  of  the  building  is  furnished  with 
a  groove,  at  the  bottom  of  which  are  placed  a  number  of  brass 
4ruckles  at  certain  distances,  and  within  the  groove  is  placed 
-another  ring,  by  which  the  whole  roof  is  supported.  Beams 
are  connected  with  the  movable  ring,  and  a  rope  is  fastened  to 
one  of  them,  which  at  the  lower  extremity  is  fitted  to  a  wind- 
lass or  axis  in  peritrochio ;  and  this  rope  being  drawn  through 
an  iron  hook  fixed  at  the  ground  and  the  windlass  turned  round, 
the  sails  and  roof  will  be  turned  round  also,  in  order  to  catch 
the  wind  in  any  direction.  Both  these  methods  of  construction 
have  their  advantages  and  disadvantages.  The  former  is  the 
least  expensive,  as  the  whole  may  be  niade  of  wood,  and  of 
any  form  that  is  thought  |!>roper ;  while  the  other  requires  a 
more  costly  building:  and  the  roof  being  round,  the  building 
must  also  be  so,  while  the  former  can  be  made  of  any  form,  but 
has  the  inconvenience  of  being  liable  to  be  carried  off  altoge- 
ther by  a  venr  high  wind.  As  both  these  methods  of  adjusting 
the  windshaft  require  human  assistance,  it  would  be  very  de- 
sirable that  the  same  effect  sliould  be  produced  by  the  action 
of  the  wind  solely.  This  may  be  done  by  fixing  a  large  wooden 
vane  or  weathercock  at  the  extremity  of  a  long  horizontal  arm, 
which  lies  in  the  same  vertical  plane  with  the  windshaft.  By 
this  means  when  the  surface  of  the  vane  and  its  distance  from 
the  axis  of  motion  have  suiScient  magnitude,  even  a  gentle 
breeze  will  so  act  upon  this  vane  as  to  turn  the  machinery,  and 
move  the  sail  and  windshaft  to  their  proper  position.  This 
expedient  may  be  adopted  whether  the  mill  has  a  movable 
Foef  or  revolves  upon  a  vertical  shaft. 

In  art.  50.  of  the  Introductory  part  of  this  volume,  we  have 
stated  the  principal  results  of  the  experiments  and  researches  of 
Smeaton,  relative  to  the  shape,  position,  and  magnitude  of  sails, 
wlien  /6?/r  is  the  number  adopted.  To  these  it  might  be 
roper  to  add  here,  some  of  the  remarks  which  have  been  made 
y  Parent,  Euler,  and  other  philosophers:  but  as  none  of  them, 
except  a  few  hy  Coulomb,  appear  any  way  comparable  in  point 
ol*  practical  utility  with  those  of  Smeaton,  and  as  they  include, 
besides^  some  very  intricate  investigations,  we  conceive  they 
may  be  omitted  without  any  serious  disadvantage  to  the 
student. 

We  shall  now,  therefore,  proceed  to  describe  a  wind-mill. 
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varying  in  many  respects  from  the  common  construction.  This 
mill  was  invented  by  Mr.  James  Ferrier^  of.  North  Curry,  in 
Somersetshire,  who  received  a  premium  from  the  Society  of 
Arts,  for  this  useful  specimen  of  his  ingenuity.  Mr.  Verrier 
lias  contrived  a  register  or  regulator,  by  which  the  vanes  are 
suffered  to  yield  and  give  way  to  the  impetus  of  the  wir^d^ 
when  it  is  too  forcible;  and  when  it  is  too  languid,  it  brings  the 
vanes  up  to  the  wind,  till  its  force  is  sufficient  to  give  the  mill 
a  proper  degree  of  velocity:  by  this  contrivance,  the  wind  is 
justly  proportioned  to  the  resistance  or  number  of  stones  put  to 
work,  and  the  mill  less  liable  to  be  set  on  fire,  or  destroyed  by 
the  violence  of  its  motion.  The  vertical  shaft  gf  this  mill  is 
also  much  shorter  than  usual,  in  consequence  of  which  the 
whole  .building  (and  especially  the  floor  on  which  the  stones 
are  placed)  is  considerably  stronger,  and  less  liable  to  vibrate 
than  in  the  common  mills.  The  substance  of  the  following 
description  of  Mr.  Verrier's  mill  is  given  in  J5ai&yV  Account  of 
Machines^  approved  by  the  Society  of'  ArtSy  vol.  ii.  p.  47,  the 
edit.ofl78a 

^  This  mill,  which  has  eight  quadrangular  sails,  is  represented 
in  fig.  7.  pi.  XX XV II.  where  AAA  are  the  three  principal  posts, 
^0  feet,  7^  inches  long,  29,  inches  broad  at  their  lower  ex- 
tremities, IS  inches  at  their  upper,  and  17  inches  thick.  The 
column  sis  12  feet,  10^  inches  long,  19  inches  in  diameter 'at 
its  lower  extremity,  and  16  inches  at  its  upper  :  it  is  fixed  in  the 
centre  of  the  mill,  passes  through  the  first  floor  e,  having  its 
upper  end  secured  by  the  rails  gg.  eee  are  the  girders  of 
the  first  floor,  one  of  which  only  is  seen,  being  8  feet  3  inches 
long,  11  inches  broad,  and  9  thick  :  they  are  mortised  into  the 
principal  posts  aaa  and  the  column  b,  and  are  about  8  feet  8 
inches  above  the  ground  floor,  ddd  are  three  posts,  6  feet  4  J 
inches  long,  9  inches  broad,  and  6  inches  thick  :  they  are  mor- 
tised into  tne  girders  ef  of  the  first  and  second  floor,  9,  feet  4 
inches  distant  from  the  posts  a,  &c.  fff  are  the  girders  of 
the  second  floor,  6  feet  long,  11  inches  broad,  and  9  thick : 
thevare  mortised  into  the  posts  a,  &c.  and  the  rest  upon  the  upper 
ends  of  the  posts  d,  &c.  The  three  rails  gcg  are  3  feet  I4 
inches  long,  7  inches  broad,  and  3  thick  :  they  are  mortised  into 
the  posts  D  and  the  upper  end  of  the  column  b,  4  feet  3  inches 
above  the  floor  to  their  upper  edges,  p  is  one  of  the  arms 
which  support  Jthe  extremities  of  the  bray-trees :  its  length  if  2 
feet  4  inches,  its  breadth  8  inches,  and  its  thickness  6  mches. 
,  I  is  one  of  the  bray- trees  into  which  the  extremity  of  one  of  the 
bridge-trees  k  is  mortised.  Each  bray- tree  is  4  feet  9  inches 
long,  9t  itiches  broad,  and  7  thick ;  and  each  bridge-tree  is  4 
feet  6  inches  long,  9  inches  broad,  and  7  thick,  being  curved  ^ 
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inches  from  a  ri^t  Hne^  and  iiirnisbed  with  a  piece  of  brass  cm 
ltd  upper  surface  to  receive  the  under  pivot  of  the  millstones. 
LL  are  two  iron  screw  bolts  which  raise  or  depress  the  fore  ends 
of  the  bray-trees,  mmm  are  three  millstones^  and  nnn  the 
iron  spindiesy  each  9  feet  long^  on  which  the  upper  millstones 
^re  fixed,  o  is  one  of  three  wallowers  which  are  fixed  on  the 
upper  ends  of  the  spindles  nnn  :  they  are  16  inches  in  diameter, 
and  each  is  furnished  with  14  trundles,  yis  one  of  the  carriage 
rails  in  which  the  upper  pivot  of  the  spindle  turns,  and  is  4  feet 
3  inches  long,  7  inclies  broad^  and  4  thick.  It  turns  on  an  iron 
bolt  at  one  end,  the  other  end  sliding  in  a  bracket  fixed  to  one 
of  the  joists,  and  forms  a  mortise  in  which  a  wedge  is  driven  to 
set  the  rail  and  wallower  in  or  out  of  its  work:  t  is  the  horizontal 
spm*-wheel  that  gives  motion  to  the  wallowers ;  it  is  5  feet  6 
inches  diameter,  is  fixed  to  the  perpendicular  shaft  t,  and  has 
4^  cogs  or  teeth.  The  perpendicular  shaft  x  is  9  feet  1  inch 
long,  and  14  inches  in  diameter,  having  two  iron  spindles :  the 
imder  spindle  turns  in  a  brass  block  let  flush  into  the  higher 
end  of  the  column  b;  and  the  upper  spindle  turns  in  a  brass 
plate  inserted  into  the  lower  surface  of  the  carriage  rail  c.  The 
spur-*wheel  r  is  fixed  on  the  upper  end  of  the  vertical  shaft  t, 
and  is  turned  by  the  crown  wneel  v  on  the  windshaft  c ;  itis  S 
feet  two  inches  in  diameter,  and  is  furnished  with  15  cogs.  The 
carriage-rail  c,  which  is  fixed  on  the  sliding  kerbz,and  supports 
the  upper  pivot  of  the  vertical  shaft,  is  17  feet  2  inches  long,  1 
foot  broad,  and  9  inches  thick.  YYais  the  fixed  kerb,  17  feet 
3  inches  diameter,  14  inches  broad  and  10  thick;  bein^  mortised 
into  the  posts  aaa,  and  fastened  with  screw  bolts.  The  sliding 
kerb  z  is  of  the  same  diameter  and  breadth  as  the  fixed  kerb, 
hut  its  thickness  is  only  7^  inches.  It  revolves  on  12  friction 
rollers  inserted  on  the  upper  surface  of  the  kerb  yyq,  and  has  4 
iron  half  staples  v  y,  &c.  fastened  on  its  outer  edge,  theperpen* 
dicular  arms  of  which  are  10  inches  long,  2  inches  broad,  and 
1  inch  thick,  and  embrace  the  outer  edge  of  the  fixed  kerb  to 
prevent  the  sliding  one  from  being  blown  ofi;  The  capsills 
x,  v,  of  the  mill  are  18  feet  9  inches  long,  14  inches  broad,  and 
1  foot  thick :  they  are  fixed  at  each  end  with  strong  iron  screw 
bolts  to  the  sliding  kerb,  and  to  the  carriage-rail  c.  On  the 
right  hand  of  w  is  seen  the  extremity  of  a  cross-rail,  which  is 
fixed  into  the  capsills  x  and  v  by  strong  iron  bolts :  ^  is  a 
bracket  5  feet  long,  16  inches  in  its  extreme  breadth,  and  10 
inches  thick ;  it  is  bushed  with  a  strong  brass  collar,  in  which 
the  under  spindle  of  the  windshaft  turns,  and  is  fixed  to  the 
cross  rail  a?,  with  iron  screw  bolts  and  nuts :  i  is  another 
bracket  7  feet  long,  4  feet  broad,  and  10  inches  thick ;  it  is  let 
into  the  fore  ends  of  the  capsills,  and  that  it  may  embrace  the 
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coU&lr  of  the  windshaft^  it  is  divided  into  two  pdl'ts  which  ate 
fixed  together  with  screw  bolts.  The  windshaft  c  is  15  feet 
long,  2  feet  .in  diameter  at  the  fore  end,  and  18  inches  at  the 
back  end:  its  pivot  at  the  back  end  is  6  inches  diameter ;  and 
the  shaft  has  a  hole  bored  through  it  to  admit  an  iron  rod  to 
pass  easily  through.  The  vertical  crown  wheel  w  is  6  feet  in 
diameter,  having  54  cogs  which  turn  the  spur-wheel  r.  Thtf 
bolster  d,  which  is  6  feet  3  inches  long,  IS  inches  broad,  and  6 
thick,  is  tenoned  into  the  cross  rail  w,  directly  under  the  centre 
of  the  windshaft,  having  a  brass  pulley  fixed  in  a  mortise  at  its 
fore  end.  On  the  upper  suriPace  of  this  bolster  is  a  groove  in 
which  the  sliding  bolt  r  moves,  having  a  brass  stud  at  its  fore 
end.  This  sliding  bolt  is  not  distinctly  seen  in  the  figure,  but 
the  round  top  of  the  brass  stud  is  visible  below  the  letter  h :  the 
back  end  of  the  iron  rod  that  passes  through  the  windshaft 
bears  against  this  brass  stud.  The  sliding  bolt  is  4  feet  9  inches 
long,  9  inches  broad,  and  4  inches  thick.  At  its  fore  end  is  fixed 
a  line  which  passes  over' the  brass  pulley  in  the  bolster,  and 
appears  at  a  with  a  weight  attached  to  its  other  end,  sufiicient 
to  make  the  sails  face  the  wind  that  is  strong  enough  to  work 
the  number  of  stones  employed ;  and  when  the  pressure  of  the 
wind  is  more  than  sufficient,  the  sails  turn  on  an  edge,  and  press 
back  the  sliding  bolt,  which  prevents  their  going  with  too  great 
velocity ;  and  whenever  the  Wind  abates,  the  sails  by  the  weight 
a  are  pressed  up  to  their  proper  place  again.  By  this  appa- 
ratus the  wind  is  regulated  and  justly  proportioned  to  the  re- 
sistance or  work  at  any  time  to  be  performed  ;  a  uniformity 
of  motion  is  likewise  secured,  and  the  mill  is  far  less  likely  ever 
to  move  with  so  rapid  a  motion  as  to  risque  Its  destruction. 

That  the  reader  may  understand  how  these  effects  are  pro- 
duced, we  have  represented,  in  fig.  8.,  the  iron  rod  and  the  arms 
which  bear  against  the  vanes,  or  sails;  ah  is  the  iron  rod  which 
passes  through  the  windshaft  c  in  fig.  7. ;  ft  is  the  extremity 
which  moves  in  the  brass  stud  that  is  fixed  upon  the  sliding 
bolt ;  ai,  at,  &c.  are  the  cross  arms  at  right  angles  to  ah, 
whose  extremities «,  i,  similarly  marked  in  fig.  7.  bear  upon  the 
edges  of  the  vanes.  The  arms  ai  are  6i  feet  long,  reckoning 
from  the  centre  a,  1  foot  broad  at  the  centre,  and  5  inches 
thick ;  the  eight  arms  ;?,  w,'&c.  that  carry  the  sails,  are  ISt  feet 
long,  their  greatest  breadth  is  1  foot,  and  their  thickness&inches, 
gradually  diminishing  to  their  outer  ends,  where  they  are  only 
3  inches  in  diameter :  the  inner  ends  of  these  arms  are  mortised 
into  the  windshaft.  The  4  cai-dinal  sails  w,  w,  w,  m,  are  each 
18  feet  long,  8  feet  broad  at  their  outer  ends,  and  3  feet  at  their 
lower  extremities ;  p,  p,  &c.  are  the  four  assistant  sails  which 
have  the  same  dimensions  as  the  cardinal  ones  to  which  they 
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are  joined  by  the  line  ssss.  The  angle  of  the  saiVs  ificlinalion 
when  first  opposed  to  the  wind  is  45  degrees,  and  reguliarly 
the  same  from  end  to  end. 

'  It  is  evident  from  the  preceding  description  of  this  machine, 
that  the  windshaft  c  moves  along  with  tne  sails :  the  vertical 
crown-wheel  v  drives  the  spur-wheel  r,  fixed  upon  the  axis  t, 
which  carries  also  the  spur-wheel  t.  This  wheel  impels  the  three 
wallowers  o,  one  of  which  only  is  seen  in  the  figure ;  these 
being  fixed  upon  the  spindles  n,  &c.  communicate  motion  to 
the  turning  mill-stones. 

Mr.  John  Bywater,  of  Nottingham,  took  out  a  patent  in 
September,  1804,  for  a  method  of  clothing  and  unclothing  the 
sails  of  windmills  while  in  motion  (provided  they  are  made  after 
the  Dutch  manner),  by  which  the  mill  may  be  clothed  either 
in  whole  or  in  part,  in  an  easy  and  expeditious  manner,  by  a 
few  revolutions  of  the  sails^  whether  they  are  going  fast  or  slow, 
leaving  the  surface  smooth,  even  and  regular  in  breadth  from 
top  to  i>ottom ;  and  in  like  manner  the  cloth,  or  any  part  of  it, 
may  be  rolled  or  folded  up  to  the  whip  at  pleasure,,  by  simple 
and  during  machinery.  The  invention  consists  in  either  folding 
or  unfolding  the  cloths  while  the  sails  are  in  motion,  by  means 
of  cylinders,  or  rollers  of  any  shape,  as  long  as  the  sails,  with  a 
toothed  wheel  at  one  end  of  each,  working  either  directly  or  in- 
directly into  two  wheels  without  arms,  which  are  hung  so  as  to 
turn  upon  a  ring  of  iron  fixed  to  the  shaft-head  close  benind  the 
back  stocks,  ana  which  maybe  alternately  stopped ;  so  that  the 
wheels  at  the  ends  of  the  cylinders  must  directly^  or  by  means 
of  a  connexion  of  wheels  called  carriers  or  nuts,  work  into 
them  by  revolving  round  them  through  the  power  of  the  wind 
acting  on  the  sails ;  so  that  the  cylinders  must  necessarilv  turn 
rouna,  and  roll  up  or  fold,  or  unrol  or  unfold  the  cloth  w£iich  is 
fastened  to  them,  according  to  the  respective  wheel  without 
arms  which  is  stopped  for  that  purpose.  Such  is  the  general 
contrivance :  a  detailed  account,  with  figure,  may  be  seen  in 
the  Repertory  of  Arts,  &c.  vol.  vi.  N.  S. 

Horizontal  Wind-mills.  Although  we  do  not  class  ourselves 
among  the  advocates  for  horizontal  wind-mills,  being  aware 
that  the  force  of  the  best  of  them  is  not,  at  the  most  favourable 
estimate,  much  more  than  one  fourth  of  the  force  of  a  vertical 
mill  having  equal  vanes ;  yet,  since  there  are  some  few  situations 
and  circumstances,  in  which  the  former  can  be  adopted,  where 
the  latter  would  be  useless,  we  may  devote  a  little  space  to  the 
description  of  one  or  two. 

Mr.  Robert  Beatson  took  out  a  patent  in  October  1797,  for 
a  method  of  constructing  horizontal  mills,  to  be  impelled  either 
by  wind  or  water.  This  gentleman's  exclusive  principle  consists 
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in  a  peculiar  method  of  constructing  and  disposing  those  sur- 
faces upon  which  wind,  water,  &c.  shall  act,  in  which  by  oppos- 
ing alternately  a  resisting  and  a  non-resistingsurface,  their  wnole 
force  or  impulse  acts  in  a  direct  manner  upon  the  resisting  side 
of  a  wheel,  vane,  &c.  or  other  surface,  m  proportion  to  its 
extent ;  and  when  the  moving  force  acts  upon  the  other  or 
returning  side,  the  parts  of  the  vane  give  way,  and  allow  a 
passage  with  little  resistance,  except  what  is  occasioned  by  the 
thin  edges  of  the  constituent  flaps,  together  with  that  small 
portion  which  consists  of  the  force  requisite  to  the  raising  up  or 
opening  of  these  flaps. 

.  Thus  fig.  9.  pi.  XXXVII.  is  a  direct  view  or  elevation  of 
two  opposite  siaes  of  an  horizontal  wind-mill,  wherein  ap  and 
ED  are  two  of  the  upper  arms,  and  bi  and  fg  two  of  the  lower 
arms,  of  which  there  are  generally  four  in  number,  crossing 
each  other  at  right  angles,  that  is  to  say,  four  upper  arms  and 
four  lower  arms,  ck  is  the  vertical  shaft  into  which  the  arms 
are  fixed.  There  are  two  rectangular  frames,  which  may  either 
be  immoveably  fixed  between  the  upper  and  lower  arms,  or 
they  may  be  made  to  slide  backwards  or  forwards  so  as  to  be 
placed  near  to,  or  farther  from,  the  vertical  shaft,  as  shall  be 
required.  The  surface  or  space  contained  within  these  frames 
(wnich  Mr.  Beatson  calls  the  vanes)  is  filled  up,  or  covered, 
with  any  sort  of  thin  light  substance  for  the  wind  to  act  upon, 
as  canvas,  linen,  leather,  or  even  paper  or  pasteboard,  which, 
if  thought  requisite,  may  be  prepared  with  oil,  paint,  varnish,  or 
otherwise,  in  such  a  manner  ias  to  resist  wet,  and  to  enable  the 
wind  to  act  upon  them  with  the  more  effect.  Or  these  spaces 
or  vanes  may  be  covered  with  any  other  thin  or  light  substance 
or  substances  suitable  to  the  purpose.  It  will,  however,  be 
observed,  that  with  whatever  materials  these  vanes  are  covered, 
it  must  not  be  in  one  whole  piece,  but  divided  into  a  number  of 
small  separate  parts  or  flaps,  placed  u\  such  a  manner  as  to 
over-wrap  eiach  other  a  little.  That  is  to  say,  if  the  mill  is 
intended  to  turn  round  from  left  to  right,  the  lower  part  of  the 
upper  flap  1  of  the  vane  enclosed  between  ap  and  bi  must 
over-wrap  the  upper  part  of  the  flap  2.  The  lower  part  of  2 
must  over-wrap  the  upper  part  of  3,  &c.,  so  that,  all  the  over- 
wraps being  on  the  near  side,  the  flaps  will  all  be  close  shut 
when  the  wind  acts  upon  them,  and  consequently  the  vane  will 
receive  its  whole  impulse  the  same  as  if  it  consisted  of  one 
entire  piece.  The  flaps  in  the  opposite  van  edfg  must,  how- 
ever, be  suspended  in  a  different  manner.  That  is,  the  over- 
wTiaps  must  all  be  on  the  reverse  or  off  side,  by  which  means, 
while  the  wind  shuts  all  the  flaps  on  the  left,  or  resisting  bide, 
and  is  acting  thereupon  with  its  full  force,  opens  all  those  on 
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the  right  or  non^re^isting  side,  aad  pasf^es  through  between 
them  with  little  or  no  resis^tance  except  what  is  occasioned  by 
their  edges,  which  should  be  as  thin  as  possible,  that  the  resist- 
ance may  be  the  less ;  and  if  these  iSaps  are  properly  suspended 
and  counterpoised,  the  resistance  will  be  nearly  as  small  as  if 
there  were  no  covering  at  all  upon  the  vane  edfg. 

It  is  therefore  evident,  tha.t  if  there  are  four  of  these  per- 
forated vanes,  crossing  each  other  at  right  angles,  when  the  wind 
acts  upon  the  reaislang  side  with  all  the  flaps  shut,  and  passes 
through  the  non-resisting  side  with  all, the  flaps  open,  the  former 
win  be  impelled  forward,  and  will  be  succeeded  by  the  second 
vane,  upon  which  the  wind  will  then  begin  to  act ;  and  thus,  by 
the  one  vane  succeeding  the  other,  a  constant  rotation  will  be 
produced  so  long  as  there  is  wind  sufiicient  to  impel  them  for- 
ward :  and  it  signifies  not  from  what  quarter  the  wind  blows, 
as  its  effect  will  be  the  same  upon  vanes  of  this  construction, 
which  will  always  turn  the  same  way  with  any  wind.  If  the 
over-wraps  were  made  on  the  near  side  of  the  right  vane,  and 
the  off*  side  of  the  left,  they  would  turn  round  the  opposite  way, 
as  the  right  side  would  in  that  case  become  the  resisting  side, 
and  the  left  the  non-resisting. 

The  flaps  of  the  vanes  should  consist  of  thin  light  frames  of 
metal,  whalebone,  or  any  other  substance  fit  for  the  purpose  of 
stretching  the  canvas,  linen,  &c.  upon,  and  should  be  suspended 
by  two  small  bolts,  staples,  or  hinges,  at  the  upper  comers, 
upon  which  they  should  hang  freely  and  loosely,  so  as  to  be 
easily  opened  by  the  wind ;  or,  if  they  are  made  of  thin  wood, 
or  light  plates  of  metal,  there  will  be  no  occasion  for  stretching- 
frames,  as  the  bolts  or  hinges  may  be  fixed  to  their  upper 
corners. 

The  manner  of  stopping  and  regulating  these  mills  may  either 
be  by  a  brake  or  gnpe,  as  in  the  common  wind-mills,  or  (what 
IS  perhaps  better)  by  a  contrivance  for  openiqg  or  shutting  all 
the  flaps  of  the  vanes  at  pleasure-  This  may  be  done  by  small 
ropes  or  chains,  fixed  to  about  the  middle  of  the  lower  edges  of 
the  flaps,  and  conducted  over  rollers  or  pulleys  at  the  top  of  the 
vanes  to  the  inner  side  of  the  mill ;  by  means  of  which  ropes, 
or  chains,  all  the  flaps  in  the  vanes  may  be  at  once  drawn  up 
when  required.  Other  methods  are  given  by  Mr.  Beatsoo. 
But  these  mills  might  be  easily  made  to  regulate  themselves, 
according  to  the  power  of  the  wind,  by  means  of  bulky  weights, 
or  pendulums  fixed  to  inflexible  rods,  and  suspended  out  of  the 
mill  upon  the  arms  or  frames,  or  within  it,  m  such  a  manner 
as  to  operate  upon  the  sheaves  or  pinions,  or  the  ropes  that 
open  the  flaps ;  which,  if  these  balls  or  weights  are  properly 
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tsituated  and  constructed,  they  will  do  more  or  less,  according 
to  the  velocity  at  which  the  vanes  are  moving. 

Mr.  Beatson's  principle  may  likewise  be  applied  to  horizontal 
water-mills  in  proper  situations ;  especially  for  wheels  to  go 
under-water,  in  the  current  of  a  river,  or  oy  the  ebbing  and 
flowing  of  the  tide,  where  the  situation  will  not  admit  of  any 
fall  for  under-shot  or  over-shot  wheels,  or  when  the  river  is  apt 
sometimes  to  rise,  and  sometimes  to  fall,  so  much  that  such 
wheels  cannot  be  used  advantageously. 

At  the  same  time,  where  mills  of  some  sort  would  be  of  great 
utility  in  raising  water  to  supply  towns,  country  seats,  ^c.  or 
for  other  purposes,  a  wheel,  on  the  principle  here  mentioned^ 
might  be  used  in  such  places  to  great  advantage,  as  it  would  go 
eitlier  wholly  under  water,  or  partly  so,  and  would  always  turn 
round  the  same  way,  whether  the  curi'ent  was  running  down 
the  river  or  up,  as  when  affected  by  the  tides,  and  therefore 
might  be  applied  to  tide-mills. 

The  flaps  for  water-wheels  of  this  sort  may  be  made  either 
of  thin  deal  or  other  boards,  or  of  thin  plates  of  metal.  These 
Water-wheels  may  be  stopped  or  regulated  by  a  sluice  on  either 
side,  to  stop  the  current,  or  to  admit  only  so  much  as  is  thought 
necessary  ;  and  there  may  be  other  sluices  to  open  at  a  suitable 
distance  on  both  sides  of  the  wheel,  when  the  wheel  sluices  are 
shut. 

Mr.  Beatson  proposeiS,  likewise,  to  apply  the  same  method 
of  construction  to  several  other  objects  and  purposes,  as  to  the 
pistons  of  pumps,  oars,  and  sails  for  ships,  ventilators,  sluices, 
buckets  for  wells,  &c.  for  a  more  particular  description  of  which 
we  must  refer  the  reader  to  vol.  h.  of  the  Repertory  of  Arts  and 
Manufactures,  sifecond  series,  where  Mr.  Beatson's  specification 
is  published. 

Another  horizontal  mill  has  been  recently  proposed  by  Mr. 
John  Jackson  s  the  following  description  of  which  nas  appeared 
in  No.  4  of  the  Retrospect  of  Philosophical  and  Mechanikal 
Discoveries^  a  very  respectable  and  useful  publication. 

In  this  mill  a  stout  vertical  shaft  carries  two  pairs  of  horizon- 
tal arms,  crossing  each  other  at  right  angles,  so  as  to  form 
suitable  supports  for  the  axles  of  four  wheels  c&rrying  as  many 
vanes,  each  placed  at  an  equal  distance  from  the  vertical  shaft, 
and  at  quadrantal  distances  from  one  to  another.  There  are  9 
toothed  wheels  arranged  in  the  same  horizontal  plane,  and  mu- 
tually driving  one  another.  The  central  wheel  drives  four  other^ 
which  are  called  mean  wheels;  and  these  again,  four  others  called 
extreme  wheels :  the  inean  and  extreme  wheels  are  attached  to 
the  arms  of  their  axles,  and  are  carried  about  with  them  when 
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in  motioii ;  the  extreme  wheels  are  fixed  to  their  axles^  and  the 
vanes  are  fixed  to  those  axles,  and  consequently  turn  with  them. 
These  vanes  are  po^dted  with  respect  to  each  other,  in  such  man- 
ner that  their  planes  make  angles  of  45^  90"^,  IS5%  and  180'', 
with  some  variable  plane ;  so  that  while  one  vane  is  completely 
exposed  to  the  wind,  a  second  and  fourth  are  opposed  to  it  oliu 
liquely,  and  the  third  turns  its  end  towards  it,  so  as  to  ofier  but 
little  resistance.  Each  of  the  extreme  wheels  has  twice  as  many 
teeth  as  the  central  wheel ;  of  consequence,  during  one  revolu- 
tion of  the  central  wheel,  each  extreme  wheel  turns  half  round, 
and  each  vane  presents  its  sides  alternately  to  the  wind.  I'he 
centre  wheel  consists  of  a  drum  or  hollow  shaft,  through  which 
the  axle  of  the  wheel  passes.  A  handle  is  fixed  to  the  lower 
extremity  of  the  drum-shaft,  by  which  the  centre  wheel  is 
occadonally  moved  :  this  arm  serves  also  as  an  index,  and  comr 
municafes  with  a  circle,  representing  the  horizon,  on  which  are 
delineated  the  points  of  the  compass.  When  the  machine  is  in 
mqtion,  the  index  is  set  and  fastened  to  that  point. from  which 
the  wind  blows,  in  order  to  adjust  the  position  of  the  vanes  with 
respect  to  the  wind.  Any  motion  of  the  index  to  the  right  or 
left  of  this  point  will  alter  the  position  of  the  vanes,  and  occaflon 
a  diminution  of  power  in  the  machine;  and  it  is  by  this  index 
that  the  machine  is  stopped,  or  made  to  turn  in  a  contrary 
direction ;  a  peculiarity,  when  referred  to  wind-mills,  which 
exclusively  belongs  to  this  contrivance. 
'  An  ingenious  horizontal  mill  by  Messrs.  Claude  Franfoise^ 
and  Jean  Claude  du.  Bost,  is  described  in  Recueil  des  Ma- 
chines et  Inventions  approuvees  par  TAcad.  Roy.  des  Sciences, 
tom.  vii.  Some  judicious  remarks  on  the. comparative  advan- 
tages of  Horizontal  and  Vertical  Wind^mills,  and  indeed  much 
useful  information  on  the  subject  of  Wind -mills  in  general,  may 
be  found  in  the  second  vol.  of  Dr.  Brewster's  edition  oi  Fergu- 
ioiis  Lectures. 

For  M.  Prony's  expedient  for  equalizing  the  velocity  and 
effects  of  wind-mills,  see  the  article  Condenser  of  Forces  in 
this  volume. 

WIPERS,  in  some  kinds  of  machinery,  as  oil-mills,  powder- 

Dfiills,  fulling-mills,  are  pieces  projecting  generally  from  ho- 

i:izontal  axles,  for  the  purpose  of  raising  stampers,  pounders, 

or  heavy  pistons,  in  vertical  directions,  and  then  leaving  them 

'  to  fall  by  their  own  weight. 

When  the  wipers  are  only  small  cylinders  projecting  perpen- 
dicularly from  the  surface  of  the  horizontal  arbor,  on  which 
they  are  fixed,  the  force  with  which  they  elevate  the  respective 
^Jampers  will  not  act  uniformly  during  the  whole  time  i^^hich 
th^y  are  rising ;  yet,  a  uniformity  of  force  and  velocity  is  ge- 


nerally  a  desirable  thing  to  be  attained ;  and  may  always  be 
effected  by  assigning  a  proper  form  to  the  wipers  and  comniu- 
nicating  parts.  A  tew  directions  for  the  determinatipn  of  the 
due  shape  are  here  given/for  the  use  of  the  mechanic. 

Suppose  that  in  fig.  15.  pi.  XXXII.  the  circle  described 
about  the  centre  ci  is  a  vertical  section  of  the  arbor  on  which 
the  wipers  are  placed ;  and  that  the  line  5a  shows  the  distance 
of  an  arm  of  one  of  the  stampers  from  the  centre  a :  describe 
with  centre  a  and  radius  oi  an  arc  bed  .  .  .  Ar,  on  which  setoff 
the  equal  parts  bc^  ed,  de^  ef,  &c.  as  small  as  can  conveniently 
be  done  :  draw  the  radii  oc,  ad^  ae,  &c.  on  the  extremities  of 
which  erect  perpendiculars  equal  to  the  respective  arcs  cb,  db,  eby 
&c,  and  continue  them  until  the  lastofthepi  nAt  is  cfqual  to  the 
height  to  vrhich  the  stamper  is  to  be  elevated  :  this  being  done, 
draw  the  curve  n6  through  the  extremities  of  the  several  per- 
pendiculars to  the  radii,  it  will  form  an  involute  of  the  circular 
arc  bk  (which  indeed  may  be  either  constructed  thus  or  in  the 
usual  way  at  once,  with  a  thread),  and  will  be  the  figure  that 
may  be  given  to  the  upper  surface  of  a  wiper,  when  it  is  to  give 
a  uniform  motion  to  the  rising  stamper.  For  as  all  the  radii  of 
curvature  of  sb  are  tangents  to  the  circumference  of  the  gene- 
rating circle  bk,  the  arm  Mb  of  the  stamper  can  never  touch 
the  wiper  in  more  than  one  point  (or  horizontal  line,  whose 
section  is  a  point).  When  it  is  the  point  ^,  for  example,  the 
radius  ad  wnich  answers  to  the  tangent  ^(Z  will  be  horizontal ; 
of  consequence  ^d  will  be  perpendicular,  to  the  horizon,  and 
its  extremity  $  alone  will  touch  Mb;  M  at  the  isame  time  will 
be  the  height  to  which  the  stamper  will  be  raised.  As  the 
same  thing  will  obtain  at  all  the  points  where  the  arm  ub 
touches  the  wiper,  the  arm  of  the  lever  which  communicates 
the  force  will  be  constantly  the  same,  that  is,  it  will  be  equal 
to  ab ;  and  the  arm  of  the  lever  at  which  the  resistance  acts 
being  always  equal  to  m6,  it  follows  that  the  stampers  will  be 
raised  entirely  witii  a  uniform  force,  and  in  a  direction  perpen- 
dicular to  the  horison. 

;  To  determine  the  position  of  the  point  A',  or  the  magnitude 
of  the  arc  kb^  the  distance  ab  must  be  known,  and  the  circum- 
ference c  of  the  circle  found  correspondinsr  to  this.radius :  then 
make  the  line  l  equal  to  the  height  to  which  the  stamper;  is  to 
be  raised :  and  say  as  c  to  l,  so  is  360^  to  the  degrees  and  parts 
in  the  arc  bk  or  the  angle  bak :  draw  from  a  the  line  bk,  mak- 
ing with  ba  the  angle  thus  found,  and  k  is  then  ascertained. 
Divide  the  line  L  and  the  arc  bk  into  an  emnly  eveniiximher  ot 
parts,  set  off  from  tbe.points  c,  d,  Cyhc.  of  the  arc  the  tangents 
in  arithmetical  progression,  and  equal  to  the  repective  parts  oii 
the  line  l  measured  from  one  of  its  extremities ;  and  thus  the 
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curve  vti  mil  be  traced  with  gr^at  faeiliiy.  The  «bape  of  the 
wipers  as  they  are  fixed  sin^y  in  the  arbor  wiU  al^  appear 
6ram  the  same  .figure. 

,  In  the  figure  we  htave  represented  only  one  stamper  and  one 
w^>er :  bat  it  often  happens  that  69  89 10,  or  more  stampers  are 
worked  by  wipers  progecdngirom  one  horizontal  arbor :  in  this 
case  the  wipers  should  be  so  distributed  that  the  resistance 
Misiag  from  aU  the  stampers  shall  be  as  nearly  as  possible  a  con- 
stant quantity :  to  effect  this^  let  all  the  stampers  be  placed  at 
equal  distances  in  a  line  parallel  to  the  axle  or  arbor ;  let  also  a 
single  spiral  run  once  completely  round  from  one  end  of  the 
arbor  to  the  other,  and  let  the  wipers  be  at  equidistant  posi- 
tions on  this  spiral:  thus  will  all  the  stampers  be  raised  and 
permitted  to  &11  at  equidistant  intervals  during  every  rotation 
of  the  arbor. 

Sometimes  a  small  roller  is  fixed  to  the  extremity  of  the  arm 
M&y  to  diminish  the  friction ;  and  in  this  case  a  curve  hiust  be 
drawn  with  n6,  parallel  to  it,  and  at  a  distance  equal  to  the 
radius  of  the  roller;  this  new  curve  exhibiting  the  shape  and 
position  of  the  upper  face  of  the  wiper. 

In  some  machines  stampers  or  pistons  are  raised  by  giving  a 
proper  curvature  to  the  arm  m&,  and  fixing  the  roller  upon  tlie 
extremity  of  a  bent  bar,  whose  end  is  in  the  direction  of  a  radius 
producea :  in  this  case  the  arm  must  be  shaped  into  part  of  a 
cycloid,  the  radius  of  whose  generating  circle  is  equal  to  the 
distance  from  the  extremity  of  the  wiper  to  the  centre  of  the 
arbor ;  and  this  curve  must  be  placed  at  the  outer  part  of  the 
rollers,  to  form  the  lower  face  of  the  arm. 

The  wiper  may  often  be  formed  with  great  propriety  like  the 
Archimedean  spiral,'  according  to  the  method  described  by 
Dr.  Brewster,  and  thus  raise  a  stamper  with  a  uniform  motion* 
To  this  end  let  ah  (fig.  12.  pL  XXXII.)  be  a  wheel  put  into 
motion  by  any  power  which  is  sufficient  to  raise  the  weight 
MN,  by  its  extremitv  o,  from  o  to  e,  in  the  same  time  that  the 
wheel  moves  rouna  one  fourth  of  its  circumference,  it  is  re- 
quired to  fix  upon  its  rim  a  wing  obcdbh  which  shall  produce 
this  effect  with  a  uniform  efibrt.  Divide  the  quadrant  oh 
into  anv  number  of  equal  parts  om,  mn^  &c.  the  more  the  bet* 
ter,  and  oe  into  the  same  number  oi,  &c,  cd^  &c.  aiid  through 
the  points  m,  n,  p,  h,  draw  the  indefinite  lines  ab,  ac,  ad,  ae^ 
and  make  ab  equal  to  aA,  ac  to  ac,  ad  to  Ad,  and  ab  to  a^  ; 
then  through  the  points  o,  b,  c,  d,  e,  draw  the  curve  obcde, 
which  is  a  portibn  of  the  spiral  of  Archimedes,  and  will  be  the 
proper  form  for  the  wiper  or  wing  ohk.  It  is  evident  that 
when  the  point  m  has  arrived  at  o,  tne  extremity  of  the  frame 
will  have  arrived  at  d,  because  as  is  equal  to  Ab;  and  for  the 
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same  reason,  when  the  points  n,  p,  u,  have  snefcessurely 
at  09  the  extremity  of  the  frame  will  have  acrived  at  the  coiv- 
responding  points  c,  dy  e.  The  motion  therefore  will  be  UD]£>ria« 
because  the  space  describe^  by  the  weight  is  pr^ortional  U> 
the  space  described  by  the  moving  power,  ob  being  t6  0C9  a^ 
om  to  o^.  If  it  be  reouired  to  raise  the  weight  uv^  with  an 
accelerated  or  retardea  motion,  we  have  onfy  to  divide  the 
]ine  oe,  according  to  the  law  of  acceleration  or  retardation, 
and  divide  the  curve  obcde  as  before.  It  is  scarcely  necessary 
to  add,  that  the  vertical  bar  between  i?  and  m  must  be  kept  - 
from  lateral  deviations,  by  being  made  either  to  run  between 
rollers,  or  to  slide  in  a  groove. 

We  have  all  along  supposed  that  the  wheel  or  the  arbor  which 
carries  the  wipers  turns  upon  a  horizontal  axis :  we  might 
exhibit  methods  by  which  stampers,  S^c.  could  be  nused  uni- 
formly by  wheels  moving  at  right  angles  to  the  plane  in  which 
these  stampers  move ;  but  such  methods  are  intricate  and  not 
much  to  be  recommended,  as  they  may  always  be  avoided  by 
a  small  addition  of  the  machinery,  or  some  slight  modifications 
in  its  general  distribution. 

WORCESTER,  Marquis  of^  his  Century  of  Inventions. 
The  curious  and  interesting  tract,  first  published  under  this 
title  about  the  middle  of  the  seventeenth  century,  though  often 
referred  to  by  mechanical  writers,  being  but  little  known,  and 
containing  various  striking  hints,  some  now  matured, and  others 
not  yet  completed ;  it  is  conceived  its  entire  insertion  in  this 
place  will  be  acceptable  to  the  inquisitive  reader. 

1.  Several  sorts  of  seals,  some  showing  by  screws,  others  by 
gages,  fastening  or  unfastening  all  the  marks  at  once :  others  by 
additional  points  and  imaginary  places,  proportionable  to  ordi- 
nary escutcheons  and  s^als  at  arms,  each  way  palpably  and 
punctually  setting  down  (yet  private  from  all  others  but  the 
owner,  and  by  his  assent),  the  day  of  the  month,  the  day  of  the 
week,  thempnthvof  the  year,  the  year  of  our  Lord,  the  names 
of  the  witnesses,  and  the  individual  place  where  anv  thing  was 
sealed,  though  in  ten  thousand  several  places,  togetner  with  the 
very  number  of  lines  contained  in  a  contract,  whereby  falsifica- 
tion may  be  discovered,  and  manifestly  proved,  being  upon  good 
grounds  suspected.. 

Upon  any  of  these  seals  a  man  may  keep  accounts  of  receipts 
and  disbursements  from  one  farthing  to  a  hundred  millions, 
punctually  showing  each  pound,  shilling,  penny,  or  farthing. 

By  these  seals  likewise  any  letter,  though  written  but  in  Eiw 
glisli,  may  be  read  and  understood  in  eight  several  languages, 
and  in  English  itself  to  clean  contrary  and  diflferent  sense,  un- 
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known  to  my  bat  the  correqaondeht,  and  not  to  be  read  or 
understood  by  him  neither,  if  opened  before  it  arrive  unto  him ; 
so  that  neither  threats,  nor  hopes  of  reward,  can  make  him 
reveal  the  secret,  the  letter  having  been  intercepted,  and  first 
opened  by  the  enemy* 

2.  How  ten  thousand  persons  may  use  these  seals  to  all  and 
every  of  the  processes  aforesaid,  and  yet  keep  their  secrets  from 
any  out  whom  they  filease. 

3.  A  cipher  and  character  so  ccmtrived,  that  one  line,  with- 
,out  returns  and  circumflexes,  stand  for  each  and  every  of  the 
twenty-four  letters ;  and  as  ready  to  be  made  for  the  one  letter 
as  the  other. 

4.  This  invention  refined,  and  so  abbreviated,  that  a  point 
only  showeth  distinctly  and  significantly  anv  of  the  twenty- four 
letters ;  and  these  very  points  to  be  made  with  two  pens,  so  that 
no  time  will  be  lost,  out  as  one  riseth,  the  other  may  make  the 
following  letter,  never  clogging  the  memory  with  several  figures 
for  words,  and  combination  of  letters ;  which  with  ease,  and 
void  of  confusion,  are  thus  speedily  and  punctually,  letter  for 
letter,  set  down  by  naked  and  not  multiplied  points.  And  no- 
thing can  be  less  than  a  point,  the  mathematical  definition  of 
being  Ctifuspars  vvUa.  And  of  a  motion  no  swifter  imaginable 
than  Semiquavers  or  RelesJies,  yet  applicable  to  this  manner  of 
writing. 

5.  A  way,  by  a  circular  motion,  either  along  a  rule  or  ring- 
wise,  to  vary  any  alphabet,  even  this  of  points,  so  that  the  self- 
same point  individually  placed,  without  the  least  additional 
niark  of  variation  of  place,  shall  stand  for  all  the  twenty-four 
letters,  and  not  for  the  same  letter  twice  in  ten  sheets  writing; 
yet  as  easily  aiid  certainly  read  and  known,  as  if  it  stood  but  for 
one  and  the  self-same  letter  constantly  signified. 

.  6.  How  at  a  window,  as  far  as  eye  can  discover  black  from 
white,  a  man  may  hold  discourse  with  his  correspondent  j  with- 
out noise  made  or  notice  taken ;  being,  according  to  occasion 
given,  and  means  afforded,  Ex  re  nata^  and  no  need  of  provi- 
sion before-hand;  though  much  better  if  foreseen,  and  means 
prepared  for  it«  and  a  premeditated  course  taken  by  mutual 
consent  of  parties. 

7.  A  way  to  do  it  by  night  as  well  as  day,  though  as  dark  as 
pitch  is  black. 

8.  A  way  how  to  level  and  shoot  cannon  by  night  as  well  as 
by  day,  and  as  directly ;  without  a  platform  or  measures  taken 
by  day,  yet  by  plain  and  infallible  rule. 

.  0  9.  An  engine,  portable  in  one^s  pocket,  which  may  be  carried 
and  fastened  on  the  inside  of  the  greatest  ship,  Tafiquam  aKud 
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agenSf  and  at  any  appointed  minute,  though  a  week  after^  either 
of  a  day  or  night,  it  shall  irrecoverably  sink  that  ship. 

10.  A  way  from  a  mile  off  to  drive  and  fasten  a  like  engine 
to  any  ship,  so  as  it  may  punctually  work  the  same  effect,  either 
for  time  or  execution.  \        . 

11.  How  to  prevent  and  safeguard  any  ship  from  such  an 
attempt  by  day  or  night. 

12.  A  way  to  make  a  ship  not  possible  to  be  sunk,  though 
shot  an  hundred  times  betwixt  wind  and  water  by  cannon,  and. 
should  lose  a  whole  plank,  yet,  in  half  an  hour's  time,  should 
be  made  as  fit  to  sail  as  before. 

13.  How  to  make  such  false  decks  as  in  a  moment  should 
kill  and  take  prisoners  as  many  as  should  board  the  ship,  with- 
out blowing  the  decks  up,  or  destroying  them  from  being  re- 
ducible, and  in  aquarterof  anhour'^s  time  should  recover  Uieir 
former  shape,  and  to  be  made  fit  for  any  {employment,  without 
discovering  the  secret. 

14  How  to  bring  a  force  to  weigh  up  an  anchor,  or  to  do 
any  forcible  exploit,  in  the  narrowest  or  lowest  room  in  any  ship, 
where  a  few  hands  shall  do  the  work  of  many  ;  and  many  hands 
applicable  to  the  same  force,  some  standing,  others  sitting,  and 
by  virtue  of  their  several  helps,  a  great  force  augmented  in  little 
room,  as  e£Eectually  as  if  there  were  sufficient  space  to;  go  about 
with  an  axletree,  and  work  far  from  the  centre.  . 

15.  A  way  how 'to  make  a  boat  work  itself  against  wind  and 
tide,  yea,  both  without  the  help  of  man  or  beast ;  yet  so  that 
the  wind  or  tide,  though  directly  opposite,  shall  force  the  ship  or 
boat  against  itself;  and  in  no  point  of  the  compass,  but  it  shall 
be  as  effectual  as  if  the  wind  were  in  the  pump,  or  the  stream 
actually  with  the  course  it  is  to  steer,  according  to  which  the 
oars  shall  row,  and  necessary  motions  work  and  move  towards 
the  desired  port  or  point  of  the.campass. 

16.  How  to  make  a  sea-castle  or  fortification  cannon-proof, 
and  capable  of  a  thousand  men,  yet  sailable  at  pleasure  to  de- 
fend a  passage,  or  in  an  hour's  time  to  divide  itself  into  three 
ships,  as  fit  and  trimmed  to  sail  as  before :  and  even  whilst  it  is 
a  fort  or  castle,  they  shall  be  unanimously  steered,  and  effec- 
tually be  driven  by  an  indifferent  strong  wind. 

17.  How  to  make  upon  the  Thames  a  floating  garden  of 
pleasure,  with  trees,  flowers,  banqueting  houses,  and Tountains;: 
stews  for  all  kinds  of  fishes,  a  reserve  for  snow  to  keep  wine  in, 
delicate  bathing  places,  and  the  like;  with  music  mad&  with 
mills ;  and  all  m  the  midst  of  the  stream,  where  it  is  .most 
rapid. 

18.  An  artificial  fountain  to  be  turned  like  an  hour-glass,  by 
a  child,  in  the  twinkling  of  an  eye,  it  holding  great  quantity  of 
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water,  find  offoriee  sufficient  to  make  snow,  ice,  and  thunder, 
with  a  chirping  and  singing  of  birds,  and  showing  of  several 
shapes  and  effects,  usual  to  fountains  of  pleasure. 

19.  A  little  engine  within  a  coach,  whereby  a  child  may  stop 
it,  and  secure  all  persons  within  it,  and  the  coachman  himself^ 
though  the  horses  be  never  so  unruly  in  a  iiill  career :  a  child 
being  sufficiently  capable  to  loosen  them,  in  what  posture  so- 
ever they  sliouM  have  put  themselves,  turning  never  so  short ; 
for  a  child  can  do  it  in  the  twinkling  of  an  eye. 

£0.  How  to  bring  up  water  balance-wise,  so  that  as  little 
,  weight  or  force  as  will  turn  a  balance  will  be  only  needful, 
more  than  the  weight  of  the  water  within  the,  buckets,  which 
counterpoised,  empty  themselves  one  into  the  other,  the  upper- 
most yielding  its  water  (how  great  a  quantity  soever  it  holds) 
at  the  self-same  time  the  lowermost  taketh  it  in,  though  it  be  an 
hundred  fathom  high. 

21.  How  to  raise  water  constantly  with  two  buckets  only 
day  and  night,  without  any  other  force  than  its  own  motion, 
usmg  not  so  much  as  any  force,  wheel,  or  sucker,  nor  more 
pulleys  than  one,  on  which  the  cord  or  chain  rolleth  with  a 
bucket  fast^ied  at  each  end.  This,  I  confess,  I  have  seen  and 
learned  of  the  great  mathematician  Claudius  -his  studies  at 
Rome,  he*  having  made  a  present  thereof  unto  a  cardinal ;  and 
I  desire  not  to  own  any  other  man's  inventions,  but,  if  I  set 
down  any,  to  nominate  likewise  the  inventor. 

22.  To  make  arivw  in  a  garden  to  ebb  and  flow  constantly, 
though  twenty  foot  over,  with  a  child's  force,  in  some  pri- 
vate room  or  place  out  of  sight,  and  a  competent  distance 
from  it. 

23.  To  set  a  clock  in  a  castle,  the  water  filling  the  trenches 
about  it ;  it  shall  show  by  ebbing  and  flowing  tne  hours,  mi- 
nutes, and  seconds,  and  all  the  comprehensible  motions  of  the 
heavens,  and  counterlibation  cf  the  earth,  according  to  Co- 
pernicus. 

24.  How  to  increase  the  strength  of  a  spring  to  such  an 
height,  as  to  shoot  bumbasses  and  buUiet^  of  an  hundred  pound 
weight  a  steeple  height,  and  a  quarter  of  a  mile  offhand  more, 
stone-bow-wise,  admirable  for  fire-works  and  astonishing  of  be- 
i^eged  cities,  when  without  warning  given  by  noke  they  find 
themselves  so  forcibly  and  dangerously  surprised. 

25.  How  to  make  a  weight  that  cannot  take  up  an  hundred 
pound,  and  yet  shall  take  up  two  hundred  pound,  atid  at  the 
self-samie  distance  from  the  c^itre ;  and  so  proportionably  to 
millions  of  pounds. 

26.  To  raise  weight  as  well  and  as  forcibly  with  the  drawing 
back  of  the  lever  as  with  the  thrusting  it  forwards :  and  by  that 
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niesms  to  loae  no  tioie  in  motion  or  strength*    This  I  saw  in 
the  Arsenal  at  Venice. 

27.  A  way  to  remove  ta  and  fro  huge  weights^  with  a  most 
inconsiderable  strength,  from  place  to  place.  For  ei^mple, 
ten  ton  with  ten  pounds^  and  less ;  the  said  ten  pounds  not  to 
fall  lower  than  it  makes  thetentonto  advance  or  retreat  upon 
a  leveh 

28.  A  bridge  portable  in  a  cart  with  six  horses,  which  in  a 
few  hours  time  may  be  placed  over  a  river  half  a.  mile  broad, 
whereon  with  much  expedition  may  be  transported  horse,,  foot, 
and  cannon. 

29*  A  portable  fortification  able  to  contain  five  hundred  fight- 
ing men,  and  yet  in  six  hours  time  may  be  set  up,  and  made 
cannoR'-prooi^  upon  the  side  of  a  river  or  pass,  with  cannon 
mountea  upon  it,  and  as  complete  as  a  regular  fortification, 
with  half-moons  and  counterscarps. 

30.  A  way  in  one  night's  time  to  raise  a  bulwark  twenty  or 
thirty  foot  high,  cannon-proof,  and  cannon  mounted  upon  it, 
with  men  to  overlook,  command,  and  batter  a  town :  for  though, 
it  contain  but  four  pieces,  they  shall  be.  able  to  discharge  two 
hundred  bullets  each  hour. 

31.  A  way  how  safely  and  speedily  to  make  an  approach 
to  a  castle  or  town-wall,  and  over  the  very  ditch,  at  noon-dav. 

82.  How  to  compose  an  universal  character  methodically 
and  easy  to  be  written,  yet  intelligible  in  any  language ;  so 
that  if  an  Englishman  write  it  in  Enfflisb^  a  Frendiman, 
Italian,  Spaniard,  Irish,  Welsh,  beinjg  s<molars ;  yea,  Grecian 
or  HcJbritian,  shall  as  perfectly  understand  it  in  their  own 
tongue,  as  if  they  were  perfecuy  En^ish,  distinguishing  the 
veros  from  nouns,  the  numbers,  tenses,  and  cases,  as  properly 
expressed  in  their  own  language  as  it  was  written  in  English. 

83.  To  write  with  a  needle  and  thread,  white,  or  any  colour 
upon  wMte,  or  any  other  colour,  so  that  one  stitch  shall  signi* 
ficantly  show  any  letter,  and  as  readily  and  as  easily  show  the 
one  letter  as  the  other,  and  fit  for  any  language. 

34.  To  write  by  a  knotted  silk  string,  so  tnat  every  knot  shall 
signify  any  letter  with  comma,  full-point,  or  interrogation^  and 
as  legible  as  with  pen  and  ink  upon  white  paper. 

35.  The  like  by  the  fringe  of  gloves. 

36.  By  strin^ng  of  bracelets. 

37.  By  pinked  gloves. 

38.  By  holes  in  the  bottom  of  a  sieve. 
39*  By  a  lattin  or  plate  Ian  thorn. 

40.  By  the  smell. 

41 .  By  the  taste. 

42.  By  the  touch. 
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By  these  three  senses  as  perfectly,  distinctly,  and  uncon* 
fusedly,  yea  as  readily  as  by  the  sight. 

43.  How  to  Yary  each  of  thesp,  so  that  ten  thousand. may 
know  them,  and  yet  keep  the  understanding  part  from  any  but 
their  correspondent. 

44.  To  make  a  key  of  a  chamber  door,  which  to  your  sight 
hath  its  wards  and  rose  pipe  but  paper- thick,  and  yet  atT  plea- 
sure in  a  minufe  of  an  hour  shall  become  a  perfect  pistol, 
capable  to  shoot  through  a  breast-plate  commonly  of  carabine 
proof,  with  prime,  powder,  and  firelock,  undiscoverable  in  a 
stranger^s  hand. 

45.  How  to  light  a  fire  and  a  candle  at  what  hour  of  the 
night  one  waketh,  without  rising  or  putting  one's  hand  out  of 
the  bed.  And  the  same  thing  becomes  a  serviceable  pistol  at 
pleasure :  yet  by  a  stranger,  not  knowing  the  secret,  seemeth 
but  a  dexterous  tinder-box. 

'  46.  How  to  make  an  artificial  bird  to  fiy  whidi  way  and  as 
long  as  one  pleaseth,  by  or  against  the  wind,  sometimes  chirpw 
ing,  other  times  hovering,  still  tending  the  way  it  is  designed  for. 

47.  To  make  a  ball  of  any  metal,  which,  throwta  into  a  pool 
or  pail  of  water,  shall  presently  rise  from  the  bottom,  and  con* 
stantly  show  by  the  superficies  of  the  water  the  hour  of  the  day 
or  night,  never  rising  more  out  of  the  water  than  just  to  the 
minute  it  showeth  of  each  quarter  of  the  hour ;  and  if  by 
force  kept  ifnder  water,  yet  the  time  is  not  lost,  but  recovered 
as  soon  as  it  is  permitted  to  rise  to  the  superficies  of  the 
water. 

48.  A  screwed  ascent,  instead  of  stairi^  with  fit  landing- 
places  to  the  best  chambers  of  each  story,  with  back  stairs 
within  the  noell  of  it,  convenient  for  servants  to  pass  up  and 
down  to  the  inward  rooms  of  them  unseen  and  private. 

•  49.  A  portable  engine,  in  way  of  a  tobacco  toiigs,  whereby 
a  man  may  get  over  a  wall,  or  get  up  again  being  come  down, 
finding  the  coast  proving  unsecure  unto  him. 

50.  A  complete  light  portable  ladder,  which  taken  out  of 
one*s  pocket  may  be  by  himself  fastened  an  hundred  foot  high, 
to  get  up  by  firom  the  ground. 

51.  A  rule  of  gradation,  which,  with  ease  and  method,  re-* 
duceth  all  things  to  a  private  correspondence,  most  useful  for 
secret  intelligence. 

52.  How  to  signify  words,  and  a  perfect  discourse,  by  jan- 
gling of  bells  of  any  parish  church,  or  by  any  muiucal  instru- 
ment within  hearing,  in  a  seeming  way  of  tuning  it,  or  of  any 
unskilful  beginner. 

^  53.  A  way  how  to  make  hollow  and  cover  a  water  screw,  as 
big  and  as  long  as  one  pleaseth,  in  an  easy  and  cheap  way. 


WORCESTEB^S  CENTURY  OF  IKVENTION^.  577 

64.  How  to  make  a  water-screw  ti^ht,  and  yet  transparent, 
and  free  from  breaking  ;  but  so  clear,  Uiat  one  may  palpably  see 
the  water,  or  any  heavy  thing,  how  and  why  it  is  mounted  by 
turning. 

55.  A  double  water- screw,  the  innermost  to  mount  the  water, 
and  the  outermost  for  it  to  descend  more  in  number  of  threads, 
and  consequently  in  quantity  of  water,  though  much  shorter 
than  the  innermost  screw,  by  which  the  water  ascendeth,  a 
most  extraordinary  help  for  the  turning  of  the  screw  to  make 
the  water  rise. 

h%.  To  provide  and  make  that  all  the  weights  of  the  de- 
scending side  of  a  wheel  shall  be  perpetually  farther  from  the 
centre  than  those  of  the  mounting  side,  and  yet  equal  in  number 
and  heft  to  the  one  side  as  the  other.  A  most  incredible  thing, 
if  not  seen,  but  tried  before  the  late  king  (of  blessed  memory) 
in  the  Tower,  by  my  directions,  two  extraordinary  eiobassadors 
accompanying  his  majesty,  and  the  Duke  of-  Richmond,  and 
Duke  of  Hamilton,  with  most  of  the  Court  attending  him<  The 
wheel  was  fourteen  foot  over,  and  forty  weights  of  fifty  pounds 
a  piece.  Sir  William  Balfore,  then  Lieutenant  of  the  Tower, 
can  justify  it,  with  several  others.  They  all  saw,  that  no  sooner 
these  great  weights  passed  the  diameter  line  of  the  lower  side, 
but  they  hung  a  foot  farther  from  the  centre,  nor  any  sooner 
passed  the  diameter  line  of  the  upper  side,  but  they  hung  a 
foot  nearer,     lie  pleased  to  judge  the  consequence. 

57.  An  ebbing  and  flowing  water-work  in  two  vessels,  into 
either  of  which  the  water  standing  at  a  level,  if  a  globe  be  cast 
in,  instead  of  rising,  it  presently  ebbeth,  and  so  remaineth  until 
a  like  globe  be  cast  into  the  other  vessel,  which  the  water  is  no 
sooner  sensible  of,  but  that  vessel  presently  ebbeth,  and  the 
other  floweth,  and  so  continueth  ebbing  and  flowing  until  one 
or  both  of  the  globes  be  taken  o\xK^  working  some  little  efiect 
besides  its  own  niiotion,  without  the  help  of  any  man  within 

:  sight,  or  hearing:  but,  if  either  of  the  globes  betaken  out  with 
ever  so  swift  or  easy  a  motion,  at  the  very  instant  the  ebbing 
and  flowing  ceaseth :  for,  if  during  the  ebbing  you  take  out  the 
globe,  the  water  of  that  vessel  presently  returneth  to  flow,  and 
never  ebbeth  after  until  the  globe  be  returned  into  it,  and  then 
the  motion  beginneth  as  betore.    . 

58.  How  to  make  a  pistol  to  discharge  a  dozen  times  with 
one  loading,  and  without  so  much  as  once  new  priming  requi- 
site, or  to  change  it  out  of  one  hand  into  the  other,  or  stop  one's 
horse. 

59.  Another  way  as  fast  and  effectual,  but  more  propef  for 
carabines. 

60.  A  way,  with  a  flask  appropriated  unto  it,  which  will 
VOL.  II.  p  r 
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furnish  either  pistol  or  carabine  with  a  dozen  charges  in  three 
minutes  time,  to  do  the  whole  execution  of  a  dozen  shots,  as 
goon  as  one  pleaseth,  propmtionably. 

61.  A  third  way,  and  particular  for  musquets,  without  taking 
them  from  their  rests  to  charge  or  prime,  to  a  like  execution, 
and  as  fast  as  the  flask,  the  musquet  containing  but  one  charge 
nt  a  time. 

62.  A  way  for  a  hanjuebuss,  a  crock,  or  ship-musquet,  six 
upon  a  carriage,  shootnig  with  such .  expedition,  as  without 
danger  one  may  charge,  level,  and  discharge  them  sixty  times 
in  a  minute  of  an  hour,  two  or  three  together. 

63.  A  sixth  way,  most  excellent  for  sakers,  differing  from 
the  other,  yet  as  swift. 

64j.  a  seventh,  tried  and  approved  before  the  late  king  (of 
ever  blessed  memory)  and  an  hundred  lords  and  commons,  in 
a  cannon  of  eight  inches  half  quarter,  to  shoot  bullets  of  sixty- 
four  pounds  weight,  and  twenty-four  pounds  of  powder,  twenty 
times  in  six  minutes;  so  clear  from  danger,  that,  after  all  were 
dischi^rged,  a  pound  of  butter  did  not  melt  being  laid  upon  the 
cannon-br;tch,  nor  the  green  oil  discoloured  that  was  first 
miointcd  and  used  between  the  barrel  thereof,  and  the  engine^ 
having  never  in  it,  nor  within  six  foot,  but  one  charge  at  a 
time. 

65.  A  way  that  one  man  in  the  cabin  may  govern  the  whole 
side  of  ship-musquetS|  to  the  number  (if  need  require)  of  2  or 
3000  shots. 

66.  A  vay  that  against  several  avenues  to  a  fort  or  castle^ 
one  man  may  charge  fifty  cannons  playing,  and  stopping  when 
he  pleaseth,  though  out  of  sight  of  the  cannon. 

67.  A  rare  way  likewise  tor  musquettoons  fastened  to  the 
pummel  of  the  saddle,  so  that  a  common  trooper  cannot  miss 
to  charge  them,  with  twenty  or  thirty  bullets  at  a  time,  even 
in  full  career. 

When  first  I  gave  my  thoughts  to  make  guns  shoot  q/teriy  I 
tjiotight  that  there  had  been  but  one  only  ea>quisite  waif 
inventible:  yet^  by  several  trials,  and  much  charge,  I  haz^ 
perfectly  tried  all  these, 

GS.  An  admirable  and  most  forcible  way  to  drive  up  water 
by  fire,  not  by  drawing  or  sucking  it  upwards,  for  that  mustbe^ 
as  the  philosopher  calleth  it,  {ntri  sphceram  activitatis,  which 
is  but  at  such  a  distance.  But  this  way  hath  no  bounder,  if 
the  vessels  be  strong  enough  ;  for,  I  have  taken  a  piece  of  a 
whole  cannon,  whereof  the  end  was  burst,  and  filled  it  three 
quarters  full  of  water,  sto[)ping  and  screwing  up  the  broken 
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end,  as  also  the  touch-hole ;  and  making  a  constant  fire  under 
it,  within  twenty-four  hours  it  burst,  and  made  a  great  crack  i 
so  that  having  a  way  to  make  my  vessels,  so  that  they  are 
strengthened  by  the  force  within  them,  and  the  one  to  fill  after 
the  other.  1  have  seeiKtl^  water  run  like  a  constant  fountain  * 
stream  forty  foot  high ;  one  vessel  of  water  rarefied  by  fire 
driveth  up  forty  of  cold  water.  And  a  man  that  tends  the 
work  is  but  to  turn  two  cocks,  that,  one  vessel  of  water  beifig 
consumed,  another  begins  to  force  and  re-fill  with  cold  water, 
and  so  successively,  the  fire  being  tended  and  kept  constant, ' 
which  the  self-same  person  may  likewise  abundantly  perform 
in  the  interim,  between  the  necessity  of  turning  the  said  cotks. 
69f  A  way  how  a  little  triangle  screwed  key,  not  weighing  a 
shilling,  shall  be  capable  and  strong  enough  to  bolt  and  unbolt 
round  about  a  great  chest,  an  hundred  bolts  through  fifty  sta^ 
pies,  two  in  eacli,  with  a  direct  contrary  motion,  and  as  many 
more  from  both  sides  and  ends,  and  at  the  self-same  time  shall 
fasten  it  to  the  place,  beyond  a  man's  natural  strength  to  take  it 
away :  and  in  one  and  the  same  turn,  both  locket h  and  openeth  it; 

70.  A  key  with  a  rose-turning  pipe,  and  two  roses  pierced 
through  endwise  the  bit  thereof,  with  several  handsomely  con- 
trived wards,  which  may  likewise  do  the  same  effects. 

71.  A  key  perfectly  square,  with  a  screw  turrjing  within  it, 
and  more  conceited  than  any  of  the  rest,  and  no  heavier  than 
the  triangle-screwed  key,  and  doth  the  same  effects. 

72.  An  escutcheon  to  be  placed  before  any  of  these  locks 
with  these  properties. 

1.  The  owner  (though  a  woman)  may  with  her  delicate 
hand  vary  the  ways  of  coming  to  open  the  lock  ten  mil- 
lions of  times,  beyond  the  knowledge  of  the  smith  that 
made  it,  or  of  me,  who  invented  it. 

2.  If  a  stranger  open  it,  it  setteth  an  alarm  a-going,  which 
the  stranger  cannot  stop  from  running  out ;  and  besides, 
though  none  should  be  within  hearing,  yet  it  catcheth 
his  band,  as  a  trap  doth  a  fox  ;  and  though  far  from 
maiming  him,  yet  it  leaveth  such  a  mark  behind  it,  ais 
will  discover  him  if  suspected ;  the  escutcheon  or  lock 
plainly  showing  what  money  he  hath  taken  out  of  the 
box  to  a  farthing,  and  how  many  times  opened  since  the 
owner  had  been  in  it. 

73.  A  transmittable  gallery  over  any  ditch  or  breach  in  a 
town-wall,  w  ith  a  blind  and  parapet  cannon-proof  ^ 

74.  A  door,  w  hereof  the  turning  of  a  key,  with  the  help  and 
motion  of  the  nandle,  makes  the  hinges  to  be  of  either  side,  and 
to  open  either  inv\ard  or  outward,  as  one  is  to  enter  or  to  go 
out,  or  to  open  in  half, 

p  p  2 


680  MACHINES. 

75.  Haw  a  tape  or  ribbon  weaver  may  set  down  a  whole 
discourse,  without  knowing  a  letter,  or  interweaving  any  thing 
suspicious  of  other  secret  than  a  new-fashioned  ribbon.        * 

76.  How  to  write  in  the  dark  as  straight  as  by  day  or  candle 
•  light.  ^* 

77.  How  to  make  a  man  to  fly ;  which  I  have  tried  with  a 
little  boy  often  years  old  in- a  barn^  from  one  end  to  the  other, 
on. an  hay-mow. 

78.  A  watch  to  go  constantly,  and  yet  needs  no  other  wind- 
ing from  the  first  setting  on  the  cord  or  chain,  unless  it  be 
broken,  requiring  no  other  care  from  one  than  to  be  now  and 
then  consulted  with,  concerning  the  hour  of  the  day  or  night; 
and,  i£  it  be  laid  by  a  week  together,  it  will  not  err  much,  but, 
the  oftener  .looked  upon,  the  more  exact  it  sheweththe  time  of 
the  day  or  night. 

79.  A  way  to  lock  all  the  boxes  of  a  cabinet  (though  never 
so  many)  at  one  time,  which  were  by  particular  keys  appro- 
priated  to  each  lock  opened  severalty,  and  independent  the  one 
of  the  other,  as  much  as  concerneth  the  opening  of  them,  and 
by  these  means  cannpt  be  left  opened  unawares. 

80.  How  to  make  a  pistol-barrel  no  thicker  than  a  shilling, 
and  yet  able  to  endure  a  mysket-proof  of  powder  and  bullet. , 

81.  A  comb-conveyance  carrying  of  letters  without  suspi- 
cion, the  head  being  opened  with  a  needle-screw,  drawing  a 
spring  towards  them ;  the  comb  being  made  but  after  an  usual 
form  carried  in  one^s  pocket. 

88.  A  knife,  spoon,  or  fork,  in  an  usual  portable  case,  may 
have  the  like  conveyance  in  their  handles. 

83.  A  rasping-mill  for  hartshorn,  whereby  a  child  may  do  the 
work  of  half  a  dozen  men,  commonly  taken  up  with  that  work. 

84.  An  instrument  whereby  persons,  ignorant  in  arithmetic, 
may  perfectly  observe  numerations  and  subtractions  of  all  sums 
and  fractions. 

85.  A  little  ball  made  in  the  shape  of  plum  or  pear,  being 
dexterously  conveyed  or  forced  into  a  body'*s  mouth,  shall  pre- 
sently shoot  forth  such  and  so  many  bolts  of  each  side  and  at 
both  ends  as  without  the  owner^s  key  can  neither  be  opened  or 
filed  o£P,  being  made  of  tempered  steel,  and  as  efiectually  locked 
as  an  iron  chest. ' 

86.  A  chair  made  a-la-mode^  and  yet  a  stranger  being  per- 
suaded to  sit  down  in  it,  shall  have  immediately  his  arms  and 
thighs  locked  up  beyond  his  own  power  to  loosen  them. 

87.  A  brass  mould  to  cast  candles,  in  which  a  man  may  make 
five  hundred  dozen  in  a  day,  and  add  an  ingredient  to  tbe  tallow 
which  will  make  it  cheaper,  and  yet  so  that  the  candles  shaU 

.  look  whiter  and  last  longer. 
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88.  How  to  make  a  brazen  or  stone  head,  in  the  midst  of  a 
great  field  or  garden,  so  artificial  and  natural^  that  though  a 
man  speak  never  so  softly,  and  even  whispers  into  the  ear 
thereof,  it  will  presently  open  its  mouth,  and  resolve  the  ques-. 
tion  in  French,  Latin,  Welsh,  Irish,  or  English,  in  good  terms, 
uttering  it  out  of  his  mouth,  and  then  shut  it  until  the  next 
question  be  asked.  ^    . 

89.  White  silk  knotted  in  the  fingers  of  a  pair  of  white 
gloves,  and  so  contrived  without  suspicion,  that  playing  at 
Primero  at  cards,  one  may,  without  clogging  his  memory,  keep, 
reckoning  of  all  sixes,  sevens,  and  aces,  which  he  hath  dis-w 
carded. 

90.  A  most  dexterous  dicing^box,  with  holes  transparent^ 
after  the  usual  fashion,  with  a  device  so  dexterous,  that,  with  a: 
knock  of  it  against  the  table,  the  four  good  dice  are  fastened^ 
and  it  looseneth  four  false  dice  made  fit  for  his  purpose. 

91.  An  artificial  horse,  with  saddle  and  caparizons  fit  for 
running  at  the  ring,  on  which  a  man  being  mounted,  with  his 
lance  in  his  hand,  he  can  af  pleasure  make  him  start,  and 
swiftly  to  run  his  career,  using  the  decent  posture  with  bonne 
gtace^  may  take  the  ring  as  handsomely,  and  running  as 
swiftly  as  if  he  rode  upon  a  barbe. 

92.  A  screw  made  like  a  water-screw,  but  the  bottom  made 
of  iron-plate  spadewise,  which  at  the  side  of  a  boat  einptieth 
the  mud  of  a  pond,  or  raiseth  gravel. 

93.  An  engine  whereby  one  man  may  take  out  of  the  waiter  a 
ship  of  five  hundred  ton,  so  that  it  may  be  calked,  trimmed, 
and  repaired,  without  need  of  the  usual  way  of  stocks,  and  as 
easily  let  it  down  again. 

94.  A  little  engine  poi  table  in  one's  pocket,  which  placed 
to  any  door,  without  any  noise,  but  on  a  crack,  openeth  any 
door  or  gate. 

95.  A  double  cross-bow,  neat,  handsome,  and  strong,  to 
shoot  two  arrows,  either  together,  or  one  after  the  other,  so 
immediately,  that  a  deer  cannot  run  two  steps,  but  if  he  miss 
of  one  arrow,  he  may  be  reached  with  the  other,  whether  the 
deer  ruii  forward,  sideward,  or  start  backward. 

^.  A  way  to  make  a  sea-bank  so  firm  and  geometrically 
strong,  that  a^  stream  can  have  no  power  over  it ;  excellent 
likewise  to  save  the  pillar  of  a  bridge,  being  far  cheaper  and 
stronger  than  stone  walls. 

97.  An  instrument  whereby  an  ignorant  person  may  take  any 
thing  in  perspective,  as  justly,  and  more  than  the  skilfullest 
painter  can  do  by  his  eye. 

98.  An  engine  so  contrivjed,  that  working  the  primum  mo- 
bile  forward  or  backward,  upward  or  downward,  circularly  or 
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cornerwise,  to  and  fro,  straight,  upright,  or  downright,  yet  the 
pretended  operation  continueth  and  advanceth,  none  of  the 
motions  above  mentioned  hindering,  much  less  stopping  the 
other ;  but  unanimously,  and  with  harmony  agreeing,  they  all 
augment  and  contribute  strength  unto  the  intended  work  and 
operation :  and  therefore  I  call  this  a  semi-omnipotent  engine, 
and  do  intend  that  a  model  thereof  be  buried  with  me. 

99.  How  to  make  one  pound  weight  to  raise  an  hundred  as 
high  as  one  pound  falleth,  and  yet  the  hundred  pound  de- 
scending doth  what  nothing  less  than  one  hundred  pound  can 
effect. 

100.  Upon  so  potent  a  help  as  these  two  last  mentioned  in- 
ventions, a  water-work  is  by  many  years  experience  and  labour 
so  advantageously  by  me  contrived,  that  a  child's  force  bringeth 
up  an  hundred  foot  high  an  incredible  quantity  of  water,  even 
two  foot  diameter,  so  naturally,  that  the  work  will  not  be 
heard  even  into  the  next  room;  and,  with  so  great  ease  and 
geometrical  symmetry,  that  though  it  work  day  and  night  from 
one  end  of  the  year  to  the  other,  it  will  not  require  forty  shillings 
reparation  to  the  whole  engine,  nor  hinder  one's  day-work. 
And  I  may  boldly  call  it  The  most  stupendous  zvorlc  in  the 
whole  'world :  not  only  with  little  charge  to  drain  all  sorts  of 
mines  and  furnish  cities  with  water,  though  never  so  high 
seated,  as  well  to  keep  them  sweet,  running  through  several 
streets,  and  so  performing  the  work  of  scavengers,  as  well  as 
furnishing  the  inhabitants  with  sufficient  water  for  their  private 
occasions ;  but  likewise  supplying  the  rivers  with  sufficient  to 
maintain  and  make  them  portable  from  town  to  town,  and  for 
the  bettering  of  lands  all  the  way  it  runs ;  with  many  more 
advantageous,  and  yet  greater  effects  of  profit,  admiration,  afid 
consequence.  So  that  deservedly  I  deem  this  invention  to  crown 
my  labours,  to  reward  my  expenses,  and  make  my  thoughts  ac- 
quiesce in  way  of  further  inventions.  This  making  up  the  whole 
century,  and  preventing  any  further  trouble  to  the  reader  for 
the  present,  meaning  to  leave  to  posterity  a  book,  wherein  under 
each  of  these  heads  the  means  to  put  in  execution,  and  visible 
trial,  all  and  every  of  these  inventions,  with  the  shape  and 
form  of  all  things  belonging  to  them,  shall  be  printed  by  brass- 
plates. 

In  Bonum  Publicum,  &  ad  tnajorem  DKI  gloriarn. 

YARN,  in  general  denotes  the  manufacture  of  wool,  hemp, 
flax,  cotton,  &c.  converted  into  filaments  or  threads,  which  are 
subservient  to  a  variety  of  useful  purposes. 

Formerly,  all  yarn  was  spun  or  twisted  by  means  of  the 
distaff,  or  wheel ;  but  lately,  the  ingenuity  of  mechanics,  and  the 
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powers  of  machinery,  have  been  called  in  aid  to  facilitate  that 
operation :  in  June,  1787,  Messrs.  John  Kendrew  and  Thomag 
Foriftome  obtained  a  patent  for  their  invention  of  a  machine, 
upon  new  principles,  designed  to  spin  yarn  from  hemp,  tow^ 
flax,  or  wool.— As  this  privilege  is  now  expired,  and  such  con- 
trivance promises  to  be  very  useful  in  the  woollen  as  well  as 
other  manufactures,  we  shall  subjoin  an  account  of  the  con- 
struction, as  extracted  from  the  specification  inserted  in  the 
Repertory  of  Arts  and  Manufactures. 

This  machine  may  be  worked  by  water,  or  as  a  horse-miil,  of 
in  any  other  way,  and  is  made  and  used  in  the  following  mannen 
There  is  a  cylinder,  marked  a  in  the  drawing,  fig.  1.  plate 
XXXVII.,  three  feet  diameter,  and  ten  inches  broad,  made 
of  dry  wood  or  metal,  turned  true  and  covered  on  its  circum- 
ference with  a  smooth  leather^  upon  which  are  placed  the  rollers 
marked  d,  covered  with  leather,  and  supported  in  their  situ- 
ations by  the  slits  in  the  covered  piece  of  wood  marked  k  in 
which  the  iron  axes  of  the  rollers  turn,  but  suffers  them  to  press 
on  the  wheel  marked  a.  There  must  be  another  piece  similar 
to  the  above,  to  support  the  other  end  of  the  roUere.  These 
rollers  are  of  different  weights.  The  upper  roller  marked  di  is 
two  stone,  the  rest  decreasing  to  the  last,  which  is  only  two 
pounds  weight  and  one  half.  There  is  an  iron  fluted  roller, 
marked  f,  furnished  with  a  toothed  wheel  at  each  end,  and  a 
wood  one,  marked  g,  covered  with  cloth,  and  over  it  a  smooth 
leather.  There  is  an  assisting  roller*,  marked  H,  of  fluted  iron. 
These  rollers  are  supported  by  their  axes,  turning  in  the  slit, 
marked  %  of  the  piece  of  wood,  marked  m  (fig.  8.),  which  is 
here  separated  from  the  end  of  the  frame  marked  8,  to  show 
the  rollers  and  wheel  work.  The  rollers  marked  a  and  f  are 
squeezed  together  by  means  of  the  lever  marked  p,  and  its 
^\  eight  marked  w  (fig.  8.)-  The  roller  marked  h  is  pressed  to 
the  mark  g  by  its  axis,  acting  upon  the  inclined  plane  marked  a; 
(fig.  B.).  There  is  a  rubbing  roller  covered  with  woollen  cloth, 
and  on  its  axis  is  a  small  \^  heel,  maked  f,  driven  by  the  wheel 
marked  s.  This  roller  rests  upon  the  roller  marked  g,  and  by 
its  motion  prevents  any  dirt  or  fibres  from  adhering  to  it.  There 
is  a  cloth,  marked  N,  revolving  over  two  rollers  marked  o,  o, 
which  has  motion  given  to  it  from  the  ^^heel  marked  c,  by 
means  of  another  wheel  marked  p.  This  cloth  moves  at  the 
same  rate  as  the  surface  of  the  wheel  marked  a.  There  is  a 
supporter,  marked  y,  of  the  axis  of  the  wheels  marked  o,  p, 
but  is  removed,  in  order  to  show  them ;  it  is  fixed  by  its  tenons 
in  the  mortises  marked  z,  z.  The  roller  marked  b  is  kept  in 
action  by  its  endeavour*  to  slip  down  the  inclined  plane  at  the 
top  of  the  piece  marked  y,  thereby  pressing  against  the  re- 
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volving  cylinder ;  and  another  piece^  similar  to  this,  must  be 
understood  to  support  the  other  end  of  the  roller'*s  axis.  By  the 
side  of  this  revolving  cloth  is  a  table  placed,  of  the  same  length 
and  breadth  as  the  cloth  is,  to  which  belong  two  smooth  cloths 
or  leathers,  of  the  same  size  as  the  table.     The  machine  being 
ibus  prepared,  the  attendant  or  workman  must  take  a  quantity 
of  hemp,  tow,  flax,  or  wool,  more  or  less,  according  to  the 
fineness  of  the  thread  to  be  made,  and  lay  or  ^read  it  evenly 
upon  one  of  the  smooth  cloths  on  the  table,  then  place  it  on  the 
revolving  cloth  marked  m,  motion  being  communicated  to  the 
roller  marked  f  by  wheel-work  as  usual,  from  a  water,  horse, 
or  other  kind  of  mill,  which  wheel-work  is  communicated  to  the 
wheel  marked  q,  on  whose  axis  is  a  nut,  which  turns  the  wheel 
marked  c ;  and  thereby  the  cylinder  marked  a  moves,  and  widi 
it  all  the  rollers;  by  which  motion  the  hemp,  tow,  flax,  or  wool, 
is  drawn  forward.     The  cloth  turns  down,  but  the  hemp,  tow, 
flax,  or  wool/  go  upon  the  cylinder  marked  a,  under  the  roller 
marked  b,  and  so  forward  under  the  rollers  marked  d,  then 
falls  in  betwe^i  the  rollers  marked  g,  f,  turns  under  the  roller 
marked  g,  and  over  the  roller  marked  h,  which,  as  it  gives  the 
rollers  hold  of  the  hemp,  tow,  flax,  or  wool,  in  two  places, 
enables  them  to  draw  forward  the  long  fibres  thereof^  though 
many  of  them  are  to  draw  from  under  the  marks  4  or  5  of  tne 
pressing-rollers  marked  d  ;  it  then  falls  into  a  canister,  marked 
R,  and  as  by  the  wheel-work  the  rollers  marked  f,  g,  h,  move 
three  times  faster  than  the  cloth  and  cylinder,  the  sliver  must 
be  three  times  longer  than  when  presented*   By  the  time  this  is 
drawing,  the  other  cloth  is  filled  with  hemp,  tow,  flax,  or  wool, 
as  before,  and  laid  upon  the  revolving  roller,  laying  the  hemp, 
tow,  flax,  or  wool,  over  the  end  of  the  other,  which  goes  for- 
ward as  before,  and  thus  a  continued  sliver  is  produced  as  long 
as  the  machine  continues  its  motion.  But  in  order  that  this  sliver 
may  come  out  of  the  canister  marked  u  without  entanglement, 
it  must  pass  through  an  instrument  marked  5  (fig.  B.),  placed 
over  the  rollers  marked  f,  g,  its  open  side  marked  t,  to  the 
cylinder  at  mark  4,  supported  by  its  ends  marked  v,  v,  in  the 
slit  marked  w,  of  the  before-described  pieces  marked  k.     The 
aperture  x  is  so  small  as  to  press  the  fibres  close  to  each  other 
in  their  passage  through  it  previous  to  their  passing  the  rollers, 
by  whicn  means  they  remain  pressed  side  by  side  in  the  sliver, 
and  will  not  entangle.     These  thick  slivers  are  drawn  smaller 
by  a  similar  process,  and  in  the  same  manner  are  used  for  cot- 
tons ;  but  the  machines  for  drawing  are  all  of  the  same  structure 
as  the  above,  except  that  they  have  no  revolving  cloth.     The 
sliver  is  applied  to  the  cylinder  under  the  roller  marked  b,  which 
draws  it  forward  under  all  the  rollers,  as  before  described, 
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di^awin^  it  out,  or  lengthening  it,  every  fresh  machine  through 
which  It  presses,  tiU  it  be  small  enough  tor  the  spinnii^  ma- 
chine. It  must  be  remarked,  that  the  cylinders  are  ma^  less 
in  diameter,  according  to  the  different  smallness  of  the  sliyer 
Intended  to  be  drawn  upon  them  at  the  first :  whilst  the  sliver 
is  at  its  greatest  thickness,  the  <^linder  is  required  to  be  three 
feet  diameter,  as  above  described!,  the  next  rather  lecis,  and  so  on 
to  the  last,  which  is  only  two  feet.  The  aperture  of  die  heltom 
of  the  contractor  belonging  to  each  machine  is  also  made  one 
third  part  snialler  than  another  in  succession,  from  the  greatest 
to  the  smallest  cylinder;  as  also  the  drawing  rollers  marked 
F,  a,  H,  are  furthest  from  the  pressing-roller  marked  d  in  the 
longest  cylinder,  and  nearest  at  the  smaller  cylinder.  At  the 
largest  cylinder  the  distance  is  about  nine  inches,  and  the 
smallest  about  four  inches;  but  their  distance  cannot  in  all 
cases  be  fixed,  as  it  depends  on  the  different  length  of  the 
slivers  of  the  hemp,  tow,  flax,  or  wool ;  long  ones  requiring  the 
distances  mentioned,  and  short  ones  requiring  the  distances 
much  shorter  than  is  here  specified. 

'  The  following  several  letters  or  marks  are  in  the  machine 
figured  2.  The  spinning  machine,  as  to  its  drawing  principle, 
is  the  same  as  the  drawing  machino.  .  The  slivers  are  presented 
to  it  in  canisters  marked  a,  and  drawn  over  a  cylinder  marked  " 
B  covered  with  rollers  marked  d.    The  fibres  which  are  to 
form  the  thread  are  drawn  from  the  cylinder  by  the  rollers 
marked  c,  the  under  roller  of  which  is  made  of  fluted  iron,  the    - 
other  of  wood)  covered  with  leather;  they  move  six  or  eight' 
times  fiister  than  the  cylinder  marked  b  ;  are  enabled  to  draw 
the  hemp,  tow,  flax,  or  wool,  forward  from  under  the  pressing- 
rollers  marked  n,  by  being  squeezed  together  with  the  weights 
and  crooks  marked  a,  a,  locked  to  the  small  part  of  the  rofiers 
marked  c.   There  is  a  belt  of  smooth  cloth,  marked  e,  moving 
on  two  rollers,  which  are  turned  by  the  wheel  marked  f,  on 
the  axis  of  the  fluted  roller ;  at  the  opposite  end  of  which,  as 
at  the  mark  g,  is  a  nut,,  which  turns  the  wheel  marked  h,  on 
whose  axis  is  another  nut,  turning  the  wheel  marked  i,  and 
thereby  the  cylinder  marked  b,  with  all  its  rollers.     These    ^ 
rollers  move  in  curved  pieces  of  wooden  metal,  marked  k,  i 

which,  to  prevent  confusion,  are  not  represented  in  their  places :  ^ 

they  have  slits  in  them,  in  which  the  rollers'  axis  are  guided, 
but  so  deep  as  at  all  times  to  suffer  the  rollers  to  press  upon  the 
cylinder.  These  rollers  are  covered  with  cloth  aj}d  leather. 
The  top  roller  is  about  ten  pounds  weight,  decreasing  to  the 
sixth  roller,  which  is  only  about  one  pound  weight :  the  yarn  is 
turned  by  the  spindles  marked  l,  and  rubbed  over  the  wet  cloth 
belt  if  spinning  linen  yarn,  but  if  spinning  worsted  yarn  the 
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belt  must  be  removed,  that  it  may  not  touch  it  as  it  passes  to 
the  spool,  which  it  coils  round  as  fast  as  the  rollers  let  it  out. 
The  spindles  marked  l  are  tiftned  by  a  bolt  from  the  wheel 
marked  lyi,  which  derives  its  motion  from  the  mill,  and  by  a 
wheel  on  its  axis  communicates  it  to  the  rc^er  under  the  mark 
o  by  the  wheel  marked  f,  and  so  to  the  rest,  as^above  de- 
scribed. The  hemp,  tow,  flax,  or  wool,  is  twined  in  the  same 
manaer  as  cotton  is  by  mills. 
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